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ABSTRACT
Internship Report (Record of Study)
Covering a 9-month Doctor of Engineering Internship at 
Rockwell International, UCS (May 1979 - January 1980)
Thomas James T a lle y , B .S ., Texas A&M U niversity  1971 
M .S., Texas A&M University 1979
A description  of an internship experience at Rockwell International 
U t i l i t y  Comunications System (UCS) is  presented. Mr. T a lle y 's  work as a 
systems engineer in the Research and Development Department of the Rock­
well International UCS Venture is  reviewed. This report is  submitted in 
order to document the experience and ind icate  how i t  f u l f i l l s  the 
requirements fo r a Doctor of Engineering Internship.
The assignments which were accomplished during the internship  
period required involvement in a ll areas of the UCS business. Detailed  
engineering, system design, marketing, budgeting, report w ritin g , pro­
duct te stin g , and customer re lations were a ll performed at various times 
during the internship period and are reviewed herein.
ACKNOWLEDGEMENTS
To Linda, John Paul, and Jo Ann, who endured more than anyone should 
asked to endure to allow me to fin ish  th is  e f fo r t .
VTABLE OF CONTENTS
Page
ABSTRACT.................................................................................................................  i i i
ACKNOWLEDGEMENT .................................................................................................  iv
INTRODUCTION .........................................................................................................  1
ROCKWELL INTERNATIONAL .....................................................................................  3
General Organization ............................................................................. 3
UCS V e n tu re .................................................................................................  4
Technical Nature of the UCS Product ................................................. 4
BACKGROUND OF THE CANDIDATE ......................................................................... 9
USAF E lectro n ics  Maintenance ............................................................. 9
Communications Vocation/Avocation .....................................................  10
Undergraduate E le c tr ic a l Engineering ............................................. 10
U t i l i t y  Experience .................................................................................  11
Graduate Studies .....................................................................................  12
Advanced Power Systems .........................................................................  12
TAMU Power Systems Automation L a b ..................................................... 13
ROCKWELL'S NEEDS .................................................................................................  15
Advanced Degree ......................................................................................... 15
U t i l i t y  Experience .................................................................................  16
Communications Experience ..................................................................... 16
Microcomputer Experience .....................................................................  16
R&D O r ie n t e d ............................................................................................. 17
INTERNSHIP AT ROCKWELL INTERNATIONAL UCS ................................................. 18
O b je c t iv e .............................................................................................. . . 18
P o s i t i o n .....................................................................................................  18
S p e c ific  Assignment Task Analysis .....................................................  23
Sources o f Information Required .........................................................  28
Information Required But Not Readily A v a i l a b l e ......................... 30
Adm inistrative and Managerial A c t iv it ie s  ..................................... 30
Contributions to Areas Outside D irect Assignment ..................... 32
Non-technical Problems .........................................................................  32
Consequences .............................................................................................  36
SINCE THE INTERNSHIP.........................................................................................  37
CONCLUSION.............................................................................................................  38
REFERENCES .........................................................................................................  39
vi
TABLE OF CONTENTS (Continued)
Page
APPENDIX A .............................................................................................................  40
APPENDIX B .............................................................................................................  64
APPENDIX C ............................................................................................................. 91
APPENDIX D .............................................................................................................  112
V I T A .........................................................................................................................  127
vii
LIST OF FIGURES
Figure Page
1 Rockwell UCS organization ............................................................. 5
2 Rockwell power lin e  communication system ............................. 8
1INTRODUCTION
This report documents the internship experience which I had at 
Rockwell International. The objectives of the internship as stated by 
Section VI, of the STUDENT MANUAL DOCTOR OF ENGINEERING PROGRAM, and 
le t te r  to Prospective Engineering Graduate Students, April 1979 are as 
fo llow s:
1 To enable the student to demonstrate his a b il it y  to apply his know­
ledge and technical tra in ing  by making an id e n tif ia b le  contribution  
in  an area of practica l concern to the organization or industry in 
which the internship is  served, and
2 To enable the student to function in a non-academic environment in a 
position  where he w ill become aware of the organizational approach to 
problems in addition to trad itio n al engineering design or an a lys is .
These may include, but are not lim ited  to , problems of management, 
labor re la tio n s , public re la tio n s , environmental protection , and eco­
nomics, for example, Section VI, o f the letter/student manual further 
stip u la te s  what information the report should include. An outline  of 
the required data is  shown below and was used as a general guide fo r  
structuring  the internship report.
1 Objectives of the job assignment!s) during the internsh ip .
2 In tern 's  position with the organization.
a) The technical nature of the job .
b) Adm inistrative duties.
3 Names of the immediate supervisors, th e ir  t i t le s  during the time 
covered by the internship and the name of the intern supervisor i f  
d iffe re n t from the immediate supervisor.
4 D e ta ils  of a sp e c if ic  assignment which would include:
a) Objective of the assignment.
b) The task descrip tion .
c) Adm inistrative assignments.
2d) Describe the non-technical problems associated with the sp e c ific  
assignment that could include such items as management, labor 
re la t io n s , public re la tio n s , environmental protection and 
economics.
e) Method or approach to task.
f)  Sources of information required to perform task.
g) Discussion of information pertinent to task, which was not 
re a d ily  ava ilab le  ( i . e . ,  estim ates, approximations or guesses 
which were made, the sign ifican ce  and lim ita tio n s  of such 
estim ates, the d e s ira b ility  or necessity fo r further work or 
research to obtain needed information or data, e t c .) .
h) Consequences ( e .g .,  what was the most valuable thing learned from 
the experience; what were the lim ita tio n s in knowledge or 
resources which might r e s t r ic t  the usefulness or fu ll  
implementation of resu lts; in what area could the internship have 
been improved).
i)  Contributions to any area outside o f the d ire ct  
assignment. These may include suggested ideas and improvements 
as well as measurable accomplishments.
I chose these topics for many of the section headings of th is  re­
port. I chose them in th is  fashion to a ss is t the evaluators of th is  
report in th e ir  e ffo rts  to determine i f  the report meets the above re­
quirements. Other topics were added fo r completeness.
3ROCKWELL INTERNATIONAL
Rockwell International is  a la rg e , m ultinational organization. 
Probably best known as prime contractor on the space sh u ttle , Rockwell 
i s  a highly d iv e rs if ie d  company which is  also involved in axle and valve 
manufacturing. Rockwell was organized in 1928 and chartered as a Dela­
ware corporation. It is  engaged in research and development, as well as 
manufacture and sale of many products for commercial and government 
markets. In f is c a l year 1980, the year vrfiich th is  report covers, 37% of 
the company's total sales were made to or under U.S. Government con­
tra cts  or subcontracts (Rockwell International Form 10K, 1980).
General Organization
Rockwell's operations are conducted in four major business areas.
1 Automotive businesses develop, manufacture and market various com­
ponents for heavy-duty trucks, special purpose veh ic les, l ig h t  trucks 
and passenger cars.
2 Aerospace businesses do research and development and manufacture of 
space systems and rocket engines, and m ilita ry  and general aviation  
a ir c r a f t .
3 E lectro n ics  businesses are engaged in research and development and 
manufacture and marketing of a broad range of guidance and co n tro l, 
a v io n ics , telecommunications and m icroelectronics systems and equip­
ment.
4 General Industries businesses develop, manufacture and market energy 
products and systems including flow control and d istr ib u tio n  products 
fo r  u t i l i t ie s ;  and components for the o i l ,  gas and nuclear industries  
and graphics, te x t ile  and power tool products including high-speed 
presses and related graphic arts equipment, te x t ile  machinery and 
power to o ls .
The U t i l i t y  Communications Systems (UCS) e ffo r t  is  under the d ire c­
tion  of the Municipal and U t i l i t y  D iv is ion  (M&U), which is  a part of the
4Energy Systems Group, a part of the General Industries business of Rock­
well International.
UCS Venture
The UCS venture is  organized as a small business under the manage­
ment of the Municipal and U t i l i t ie s  D iv is io n . The structure is  sim ilar  
to any small business of it s  size  having a d ire c to r, seven group heads, 
and s ta f f .  An organizational chart is  shown in F ig . 1. The d irecto r  
reports to two review organizations. One was associated with M&U, the 
other was with Rockwell Corporate. Rockwell Corporate formed vrtiat might 
lo ose ly  be termed a board of d irectors for the e f fo r t .  The board is  
made up of in d iv id u a ls  from various d iv is ion s and groups within Rock­
w e ll. The groups within the venture were production, marketing, product 
engineering, system in tegration , purchasing, business planning and oper­
a tio n s , and research and development.
Technical Nature of the UCS Product
The UCS e ffo r t  was o r ig in a lly  based on the premise that e le c tr ic  
u t i l i t i e s  were searching fo r ways to avoid the necessity of build ing new 
power p lants. The economics of scale s ituation  which existed through 
the 5 0 's and 6 0 's was no longer v a lid . The u t i l i t y  was, in general, 
doing a ll i t  could to increase the e ff ic ie n cy  of it s  generation f a c i l i ­
t ie s .  It was also attempting to lower it s  losses in the transmission 
area by in te llig e n t  dispatching. The only part of the equation over 
which the u t i l i t y  had no control was the customer usage part. The a b il­
it y  to "dispatch" load would add a new dimension to the a b il it y  of the 
u t i l i t y  to control the requirement for new "plant" thus avoiding the 
need fo r construction c a p ita l.
About th is  same time, u t i l i t ie s  were fa llin g  under more active  
regulation from local and state regulators. Thus they were encouraging 
u t i l i t i e s  to implement time-of-day rate schemes and minimum b il l in g  
schemes which the regulators viewed as e ffe c tiv e  means of attempting to 
move system peaks. Before any judgment could be made on the e ffe c t iv e ­
ness of such "voluntary load management" methods, some data had to be
5Greg S. Rambo 
D irector, UCS
F ig . 1. Rockwell UCS organization.
6taken at the residence to support conclusions by the u t i l i t y  or the 
regu lators.
The Rockwell d istr ib u tio n  power lin e  ca rr ie r  system was o r ig in a lly  
intended to provide two basic serv ices.
1 It  would allow the u t i l i t y  to implement time-of-day metering and 
acquire data as to the e ffe c t of that b i l l in g  method on the 
customers.
2 It would allow the u t i l i t y  to implement "active load management" on
certa in  customer loads, ( i . e . ,  e le c tr ic  water heaters, and a ir  con­
d ition in g  compressor un its.)
The data from both of these experiments could be compared to determine 
the potential optimum rate and control balance which would y ie ld  maximum 
reduction in plant requirements, and would produce minimum customer d is ­
s a t is fa c t io n .
To accomplish these functions, i t  was necessary to have a communi­
cation lin k  d ire c t ly  between the customer's equipment and the u t i l i t y  
headquarters. Many methods might be used to accomplish th is ,  but one of 
the most challenging, and p o te n tia lly  rewarding was the method used by 
Rockwell. The d istr ib u tio n  power lin e  c a rr ie r  concept should be p a rt i­
c u la r ly  in teresting  to the u t i l i t y  since the communications medium (the 
power lin e  it s e lf )  has already been run to each customer. The u t i l i t y  
has only to use i t  as a "transmission lin e" to be able to communicate 
d ire c t ly  with each customer. A d d itio n a lly , the Rockwell system would 
allow the natural gas supp liers, lik e  P a c if ic  Gas and E le c t r ic ,  to be 
able to read the gas meter remotely. Municipal u t i l i t ie s  should also be 
able to read the water meter i f  they desired to do so.
Now that the u t i l i t y  had th is  system which could communicate 
between the substation and the customer, i t  might also desire to 
perform some control functions on the d istr ib u tio n  system. This la s t  
statement is  a description of the need which, when form alized, becomes 
the functional description for "feeder automation systems."
The actual method of communication on the d istr ib u tio n  lin e s  
involves in jectin g  a current in the 5 kHz range at the substation or 
residence and varying the phase of that current to encode the in te l­
ligence to be transm itted. The modulation technique is  ca lled  DPSK
7(d iffe re n tia l phase s h ift  keying). It is  a very narrow band, synchron­
ous communications technique whereby the power lin e  60 Hz voltage i t s e l f  
provides the synchronous reference frequency.
The information thus derived at the substation is  passed on request 
to the central computer which accumulates and tabulates the data from 
a ll substations. A p ic to r ia l description of the system is  shown in F ig . 
2.
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9BACKGROUND OF THE CANDIDATE
Most of my formal education has centered around the e le c tr ic a l/  
e lectro n ics  d is c ip lin e . The internship s ituation  at Rockwell UCS pre­
sented a unique set of challenges which i t  seemed I had been preparing 
fo r  my entire  career. That may be true of most challenges in one's 
career, but th is  incident seemed p a rticu la r ly  e x p lic it  in that regard. 
In b r ie f ,  Rockwell needed an engineer who (a) had u t i l i t y  experience, 
(b) had communications experience, (c) had microprocessor experience, 
and (d) who would help guide the development of a high technology 
product from concept to product. I include the following descriptions  
of my education and experience followed by a detailed description of 
Rockwell's needs to share with the reader that feeling of destiny which 
I previously mentioned.
USAF E lectron ics Maintenance
In la te  1964, I entered the United States A ir  Force. For the next 
two years, I was d ire c t ly  involved in e lectron ics  fundamentals tra in ing  
at Keesler AFB, B ilo x i,  M iss iss ip p i. I participated  f i r s t  as a student, 
then as an in stru ctor in the maintenance and operation of heavy ground 
RADAR systems. The tra in ing  included some 1750 classroom hours of 
in stru ctio n  in subjects ranging from D.C. c ir c u it s ,  to a detailed study 
o f RADAR transm itter/receiver systems.
The tra in in g  received would be categorized as vocational in nature 
in that i t  allowed me to understand the p rin c ip les  involved s u ff ic ie n t ly  
to maintain the equipment. This fundamental tra in ing  in heavy ground 
RADAR systems was followed by 2 years of f ie ld  maintenance experience 
while stationed at McChord AFB, Tacoma, Washington. At McChord, I also  
became fam ilia r with other types of e lectron ic  equipment in addition to 
the RADAR systems mentioned e a r lie r .  Airborne RADAR and navigational 
aid equipment were also placed in my area of re s p o n s ib ility . This 
equipment included voice omni range (VOR), ta ctica l a ir  navigation 
(TACAN), IFF/SIF, marker beacon, and long range navigation system 
(LORAN). These various systems employed a considerable variety of modu­
la tio n  and detection techniques.
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Communi ca ti on Vocati on/Avocati on
During my A ir  Force career, which lasted for nearly 4 years, my 
in te re st in "e lectron ics" in general and "communications e lectron ics" in 
p a rt ic u la r , began to emerge. I began many small e lectro n ics  p ro jects, 
including some rather s ig n ific a n t general coverage receiver k it s .  One 
o f these led me to an in te rest in amateur radio. The amateur radio 
“hobby" has led to experimentation with a multitude of antenna, feed- 
l in e ,  modulation, and detection techniques. In fa c t , my present day 
amateur station is  capable of unattended packet switching duty using a 
small microcomputer and YHF receiver/transm itter arrangement. In sum­
mary then, my formal "vocational" tra in ing  in the A ir  Force was supple­
mented by my continuing in terest in e lectro n ics  and communications. 
This growing in terest led me to undertake the undergraduate E le c tr ic a l 
Engineering curriculum at Texas A&M U niversity when my active duty tour 
was completed. The a v a ila b il ity  of the GI B i l l  assistance played a key 
ro le  in my being able to attend school following my m ilita ry  serv ice . 
Without i t ,  I would not have been able to attend co llege .
Undergraduate E le c tr ic a l Engineering
Having completed my active m ilita ry  career, I entered Texas A&M. 
The e le c tr ic a l engineering curriculum at A&M allowed a minimum of 
e le ctiv e s  with which to sp e c ia lize . I selected one in power systems, 
and one in d ig ita l systems.
By the time I was ready to graduate, I had not decided whether to 
pursue a "high-tech" or a " u t il it y "  career. Therefore, I interviewed 
both u t i l i t y  and high-tech companies. I selected Texas E le c tr ic  Service  
Company (an e le c tr ic  u t i l i t y  company) of F t . Worth and began work in 
early  1972. TESCo seemed very interested in the fact that I had not 
chosen to "spec ia lize" in e le c tr ic a l or e le ctro n ics , but had pursued 
both. They seemed pleased that I was interested in not sp e c ia liz in g ,  
but in finding ways to apply high technology to the problems faced by 
the u t i l i t y  industry. They pointed out that before I could set about 
solving a ll the in du stry 's  problems, i t  owuld be helpful i f  I understood 
a few of them. They began to immediately educate me.
11
U t i l i t y  Experience
In early  1972, I began work for Texas E le c tr ic  Service Company 
(TESCo). TESCo is  a wholly-owned subsidiary of the Texas U t i l i t ie s  
Company system. The Texas U t i l i t ie s  system is  made up in part by three 
operating u t i l i t i e s .  The other two operating companies in the system 
are Texas Power and Light company, and Dallas Power and L ight company. 
These three operating u t i l i t ie s  provide e le c tr ic  service to about 1/3 of 
the state of Texas. TESCo serves communities in the geographical area 
bounded by Arlington/Grand P ra ir ie  on the East, Wichita F a lls  on the 
North, and West to the Permian Basin area about 100 m iles East of El 
Paso.
My f i r s t  assignment at TESCo was in d istr ib u tio n  engineering in the 
F t .  Worth d iv is io n . This work included designing (using approved engi­
neering practice  reference manuals) overhead and underground d is tr ib u ­
tion  systems. This assignment was followed by commercial industria l 
sales work which involved detailed determination of customer needs. 
These customer requirements were transmitted to engineers who insured 
that service was provided when the customer required i t .
These d istr ib u tio n  assignments made up my f i r s t  3 years of experi­
ence at TESCo. They were followed by general adm in istrative, personnel 
and supervisory p osition s. In mid-1977 I had been out of the “engineer­
ing" business long enough that I was finding i t  d i f f i c u lt  to understand 
the a r t ic le s  on my profession in general pub lications. The Hewlett 
Packard HP-35 hand-held ca lcu la to r had been availab le  fo r $389.00 when I 
had been a senior at A&M. Calcu lators were not allowed in many classes  
since most people cou ldn 't afford one. I had graduated at the beginning 
o f a technology revolution and had been rap id ly  outdistanced as I was 
developing my understanding of the u t i l i t y  industry.
Th is period was also the period when Linda (wife of 12 years at 
th is  w riting) and I were beginning our fam ily. It was not possible for  
me to catch up on such rapid technology advances through home study. 
Therefore, I decided that I would return to school and pursue a Master's 
Degree in E le c tr ic a l Engineering. In so doing, I hoped to become cur­
12
rent with the state of the art and to be able to take courses which 
would add to my understanding of the operation of other areas of the 
company as well ( f in a n c ia l, organization, p o l i t ic a l ,  e tc .) In May 1977,
I returned to Texas A&M and enrolled as a graduate student h a lf time. 
The other "half" of my time was to be spent as a graduate research 
a ssistan t in the Power Systems Automation Lab.
Graduate Studies
As a graduate student associated with the E le c tr ic  Power In stitu te , 
the m ajority of my course work was involved with power system studies of 
one sort or another. Subjects included were power system analysis (load 
flow , transient a n a lys is) , relaying and protection systems, transient 
te s tin g , r e l ia b i l i t y  an a lysis , and control and dispatch philosophies to 
mention a few. Other non-power system work included math and 
microprocessor fundamentals. It became apparent that there would not be 
room in the master's program for a ll the nonengineering courses I wanted 
to take. The Doctor of Engineering curriculum provided an exce llent 
a lte rn a tiv e  to abandoning the MS route fo r an MBA. I chose to continue 
the MS program and then complete the remaining requirements for the 
degree of Doctor of Engineering.
Advanced Power Systems
The detection of downed power lin es  has plagued the u t i l i t y  indus­
try  fo r years; I chose as a Master's Thesis subject the analysis of the 
high frequency currents present on the power lin e  as i t  contacts an 
"earth" (non-bolted) ground. These studies involved numerous f ie ld  
t r ia l s .  Several u t i l i t ie s  participated  in the experiments which are 
described in great detail by Aucoin (1981). In fa c t , Mike Aucoin and I 
worked as a team under Dr. B. D. Russell to develop a microprocessor- 
based relay which could detect downed power lin e s . I analyzed the s ig ­
nals and Mike used my analysis to develop algorithms fo r use by the 
re la y . The resu lting  relay was recognized by the National Society of
13
Professional Engineers as one of 10 Outstanding Engineering Achievements 
o f 1981 (Arcing Fau lt Detection System, College S tation , Texas).
TAMU Power Systems Automation Lab
There were other a c t iv it ie s  were going on in the lab a lso . Seven 
graduate students shared lab and o ffic e  space, so a considerable amount 
o f problem/knowledge/work sharing went on. Two major projects in addi­
tion  to the arcing fa u lt  relay were in the lab during th is  period. One 
project involved the use of e le c tr ic  and magnetic f ie ld  measurement 
equipment to characterize the f ie ld s  associated with various switching 
phenomena in transmission substations. This work was to prov.ide a data 
base on which to make judgments about shield ing requirements for e lec­
trical/electronic/com puter equipment which might have to survive the 
harsh e le c tr ic a l environment in the substation. The equipment necessary 
to make these measurements was identical to that required to study the 
e le c tr ic a l e ffects  of a nuclear b la st.
Measurements were made at a number of transmission substations. 
A ll members of the lab participated in the preparation for and accom­
plishment of these te s ts . The data co llected  were provided to the E lec­
t r ic  Power Research In stitu te  (EPRI) fo r  the use of the u t i l i t y  industry  
and it s  vendors. The ca p a b ility  of the lab to measure e le c tr ic a l phe­
nomena lead EPRI, Northern States Power, Minnesota Power and L ight and 
Ontario Hydro to in v ite  Texas A&M to a ss is t in taking data at the f i r s t  
f ie ld  te st of a 400-mile long 500 Kv transmission t ie  between the U.S. 
and Canada.
Low frequency measurements (D.C. to 80 kHz) were made of ground 
potential substation voltage r ise  during fa u lts . Low frequency measure­
ments were also made of the induction f ie ld s  adjacent to the tranmission 
right-of-w ay during fau lts  and switching operations. High frequency 
(100 kHz to 100 MHz) measurements were made of switching tran sien ts , and 
fa u lt  created f ie ld s .
In summary, my career had led me from a vocational in te rest in  com­
munications and e le ctro n ics , through the d istr ib u tio n  engineering role  
in  an e le c tr ic  u t i l i t y ,  to a high technology product development role  
at the EPI la b . These experiences and educational interludes were
14
p rec ise ly  those which Rockwell was seeking to a ss is t them in developing 
th e ir  d is tr ib u tio n  power lin e  ca rr ie r  e f fo r t .  Consequently, I was 
o ffe red , and with the concurrence of my committee chairman, accepted a 
position  as Senior Systems Research and Development S p e c ia lis t  with the 
Rockwell U t i l i t y  Communications System venture.
15
ROCKWELL'S NEEDS
Rockwell's U t i l i t y  Communications Systems venture was staffed by 
in d iv id u a ls  from two principal d iv is ion s of Rockwell. Most of the e lec­
tro n ics  people came from the Rockwell/Collins E lectron ics Systems D iv i­
s io n . The u t i l i t y  people came from the Municipal and U t i l i t y  D iv is io n . 
The e lectro n ics  sp e c ia lis ts  had a s ig n ific a n t amount of experience in 
m ilita ry  contract work related to d ig ita l and analog communications in 
h o s t ile  environments. The u t i l i t y  people came from the d iv is ion  within 
Rockwell which provided water meters to municipal u t i l i t i e s .  None of 
the people associated with the project had ever worked for an e le c tr ic  
u t i l i t y .  They recognized th e ir  lack of experience in the e le c tr ic  u t i l ­
i t y  area, and subsequently sought to re c t ify  that situation  by h iring  an 
ind ividual from within the u t i l i t y  industry.
Advanced Degree
The e le c tr ic  u t i l i t y  s p e c ia lis t  Rockwell required had to have a 
comprehensive understanding of a ll the technologies involved in the use 
o f d istr ib u tio n  power lin e  c a rr ie r  signals to control customer e le c t r i­
cal loads and to measure customer e le c tr ic a l use. The technologies and 
applications include e le c tr ic  u t i l i t y  d istr ib u tio n  construction prac­
t ic e s  and th e ir e ffe c t on transmission of power lin e  ca rr ie r  frequency 
s ig n a ls; microprocessor software/hardware configurations and th e ir  
e ffe c t  on the in te llig e n ce  of the systems using them; advanced modula­
tion/detection techniques; and methods of developing system level func­
tional descriptions for advanced systems using existing  and e a s ily  
achievable technology.
Rockwell f e l t  that the individual who could enter th e ir  project and 
contribute at the appropriate level would, of necessity, have to be 
educated to the Ph.D. level or have equivalent experience. Rockwell 
also wanted the individual to become a "technical spokesman" for the UCS 
e ffo r t  and thus f e l t  that an advanced degree would lend greater 
c r e d ib il i t y  to the studies and reports issued by the group.
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U t i l i t y  Experience
The experience which Rockwell had in developing and implementing 
systems for use by the m ilita ry  le f t  them unprepared for the expecta­
tions they faced in th e ir f i r s t  major attempt to market systems to the 
e le c t r ic  u t i l i t y  industry. This was p a rt icu la r ly  true since the system 
which Rockwell was developing used technology which the u t i l i t y  industry  
viewed with some skepticism . In order to understand " u t i l i t y  thinking" 
the individual Rockwell wanted to a ss is t them in the development of 
th e ir  business would have to have considerable experience in the e lec­
t r ic  u t i l i t y .
Communications Experience
Rockwell' s advantage was it s  experience in communicating in "harsh" 
e lectro n ic  environments. Rockwell had developed several communications 
systems of th is  type over years of developing m ilita ry  systems. UCS 
f e l t  that advanced communication techniques could enhance the c a p a b ili­
t ie s  of th e ir systems so that a minimum of hardware would have to be 
added to ex isting  power lin e s  to support successful d istrib u tio n  power 
l in e  c a rr ie r  (DPLC) operation. This minimum hardware addition would be 
a major competitive advantage for Rockwell.
The engineer who was to integrate these advanced communication 
techniques into the u t i l i t y  system would have to have a complete under­
standing of them. He would also have to be able to re late  the appropri­
ate knowledge to his colleagues in the u t i l i t y  industry in terms of 
customers' needs.
Microcomputer Experience
In mid-1980, Rockwell had completed several ite ra tio n s in the tech­
nology i t  intended to use for UCS. The la s t  was a large-sca le  integra­
tion  of many of the receiver functions used in the remote load control 
rece ivers . The use of the c a p a b ilit ie s  of the microprocessor was c r i t i ­
cal to operation of the advanced/economical system UCS was evolving. 
The power and lim ita tio n s of the microprocessor had to be understood by
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the engineer Rockwell needed. The engineer was to develop new uses for 
the tools UCS was rap id ly  acquiring. To e f f ic ie n t ly  do that, the engi­
neer had to understand f i r s t  the u t i l i t y  system needs, and then the 
c a p a b ilit ie s  of the system which Rockwell used to sa tis fy  those needs.
R&D Oriented
The Rockwell U t i l i t y  Communication System is  a fundamental communi­
cations system using a d istrib u tio n  power lin e  c a rr ie r  to communicate 
control commands from the u t i l i t y  to customer equipment, and customer 
information to the u t i l i t y .  That ro le  is  a small sub-set of functions 
which should be integrated into a fu ll "feeder automation system." Part 
of the engineer's duties would be to formalize the concept of the feeder 
automation. This would involve developing new system plans, prototyping 
new equipment, proposing, funding, and managing prototype systems proj­
e cts .
The engineer would also support the day-to-day R&D a c t iv it ie s  which 
were out of the ordinary "engineering" tasks. These would include new 
product te stin g , report w riting , assistance to marketing in propo­
sal submittals and the l ik e .
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INTERNSHIP AT ROCKWELL INTERNATIONAL UCS
In March, 1980, Dr. Russell was contacted by Rockwell in search of 
an individual to f u l f i l l  th e ir needs as outlined in Section III o f  th is  
repo rt. They wanted an engineer with an advanced degree in e le c tr ic a l 
engineering, with u t i l i t y ,  communications, microprocessor and new pro­
duct development experience. My background as outlined in Section IV of 
th is  report, was known by Dr. Russell and he recommended that Rockwell 
consider me.
I was interviewed by Mr. R. A. Arrington, D irector of Research and 
Development fo r the U t i l i t y  Communications Systems operation. He 
o ffe red , and I accepted, a position as Senior Systems Research and 
Development S p e c ia lis t . I accepted with the provision Rockwell support 
my Doctor of Engineering work, and that Mr. Arrington become my intern­
ship supervisor. He, Dr. Russell and I agreed that the systems work 
which I performed for Rockwell would be structured in such a fashion as 
to meet the requirements fo r the D.Eng. in ternsh ip .
Objective
There were two primary objectives set, and accepted by me for the 
in ternsh ip  experience. One objective was quite sp e c ific  and dealt with 
a system product. The other objective was of a more general nature.
1 Develop the concept of feeder automation into a prototype system
and te st i t .
2 Provide general technical support to on-going UCS a c t iv it ie s .
Position
The position  to which I was assigned was t it le d  Senior Systems Re­
search and Development S p e c ia lis t . A summary of the job description is  
l is te d  below.
Position  description: Senior Systems Research and Development Spe­
c ia l is t
19
Function: Develop state of the art e lectron ic products for use in 
the U t i l i t y  Communications Systems Market. Perform substation 
and d istrib u tio n  system studies for maximizing data thruput and 
reducing error rates. Develop concepts and product d e fin itio n s  
fo r  increasing communication r e l ia b i l i t y  on the power l in e .
Job Requirements:
Education: Ph.D. in E le c tr ica l Engineering.
Experience: 6-8 years of d ire c t ly  applicable engineering experi­
ence in both communications and power systems, systems integra­
t io n , equipment development and technical management including:
- Analog and d ig ita l modes of communication, data c o lle c t io n ,  
processing and control;
- Telephone, power lin e  c a r r ie r ,  rad io , microwave and optic com­
munications media;
- E le c tr ic  power system operations and contro l, capacitor banks, 
load tap changing transformers, feeder ch a ra cte ristics  and sub­
sta tio n s .
Special A b i l i t ie s :  Competent to perform assignments in specialized  
f ie ld  of highly advanced and sophisticated nature. Understand 
and u t i l iz e  modern communication and decision theory. Capable 
o f solving abstract problems that are d i f f i c u lt  to define and 
the solution for which may require use or development of ad­
vanced theories, p rin c ip les  and concepts. Often required to 
solve problems with no precedents and to develop information 
that extends the existing  boundaries of knowledge in the f ie ld .  
Identify  R&D programs and projects for development of new prod­
ucts consistent with long term UCS goals. Patented and pub­
lished  in the f ie ld .
A ccountab ility : Plans R&D programs and recommends technological 
applications programs to accomplish long-range ob jectives. Acts 
independently to uncover and resolve problems associated with 
the development and implementation of operational programs. May 
be v ir tu a lly  se lf-superv isory .
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Major segments of position:
1. Study and analyze power lin e  communications to id en tify  poten­
t ia l weaknesses and make recommendations for corrective  action .
2. Perform studies of substation and d istr ib u tio n  systems to devel­
op concepts and equipment for control of d istr ib u tio n  system 
under varying configurations.
3. Performs specialized  studies for U t i l i t y  Communications System.
4. Identify R&D programs and projects for UCS.
5. Makes presentations to potential customers in support of PLC 
Marketi ng.
Technical Nature
My function within the organization was a s ta ff function . The 
function of the R&D group was, in general, a s ta ff function. That i s ,  
the R&D group performed research for and advised top ( lin e) management 
on matters of in terest to venture management. We advised the f ie ld  
serv ice  group on matters related to general technology. We advised the 
engineering group on matters concerning sp e c ific  design problems. We 
advised management on matters of technical and industry in te re st. We 
advised marketing on matters such as the p o s s ib ility  of use of existing  
or proposed equipment to sa tis fy  customer requests.
The authority by which the R&D group influenced the operations in 
other areas was prim arily  derived from the power of expertise . Both the 
d ire cto r of R&D and my associate R&D s p e c ia lis t  (W.C. " B il l"  Perkins) 
had been with the project from the outset. Both are highly respected 
engineers who were consulted at every opportunity by f ie ld  and engineer­
ing personnel. In fa c t , these consultations began to in terfere  with the 
other work of the R&D group to an extent that e ffo rts  had to be made to 
insu late  B ill  from the near-constant interruption he suffered.
My u t i l i t y  experience led to my being consulted occasionally  about 
the " u t il it y "  way of doing things. My advanced degree work yielded suf­
f ic ie n t  respect from the technical members of the project that I was 
treated with the utmost courtesy and consideration while on information
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gathering missions for the feeder automation system design e ffo r t .  My 
communications background enabled me to gain the respect of my co-work- 
ers in the R&D group as well as other project s ta f f .  This respect 
allowed me to participate  in many fru it fu l discussions and experiments 
from which I might have been otherwise excluded. These a c t iv it ie s  
brought my understanding of the system along very rap id ly .
Theoretical
The theoretical aspect of the assignment covered a broad range of 
engineering and management knowledge. One rather fundamental set of 
ca lcu la tio n s  involved a device ca lled  a capacitor is o la to r . The device 
is  an epoxy encapsulated inductor vrfiich is  used in the neutral of power 
facto r correction  capacitor banks to raise the impedance of the bank to 
the signal frequencies used by UCS. In order to specify the amount of 
current the inductor would have to survive, i t  was necessary to calcu­
la te  the amount of current i t  would be subjected to during "inrush." 
The l2 t  sp ec ifica tio n  for the device was thus provided (see Appendix 
A ). The value found in the I^t ca lcu lation  was used as a sp e c ifica ­
tion  reference for the generation of a test plan. I wrote the test plan 
fo r ,  and supervised the test o f, several prototype devices which were 
tested at the McGraw Edison high voltage test laboratory in F ran k lin , 
Wisconsin.
The tests involved both high voltage transient gradient and high 
current I^t measurements. Several devices were tested to destruction. 
The resu lts  of the tests were used by me and the d irecto r of R&D to 
evaluate the potential of the product for future use.
A more complex challenge was the development of the feeder automa­
tion  system. As w ill be described in detail in sections Y.C. and V.D o f  
th is  report, the development presented s ig n ific a n t technical challenges. 
The f i r s t  of these challenges, and perhaps the greatest, was to define 
what the "industry" meant when i t  used the term "feeder automation." No 
c le a r consensus existed in the lite ra tu re  or the industry, so some 
e ffo r t  had to be made to define the system. Once the system was defined 
fu n ctio n a lly , the next challenge was to sa tis fy  the functional require­
ment by using as much of the existing  UCS technology as possib le . This
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meant that I had to achieve a thorough understanding of the operation of 
the UCS power lin e  ca rr ie r  system.
Once the functional d e fin itio n  had been refined , and the existing  
technology understood, what amounts to a design sp ec ifica tio n  had to be 
prepared. This would outline by what method, using existing technology, 
each requirement of the functional requirement would be met.
Another project involved the design of a system to measure the 
communications between substation transm itter/receivers and the remote 
customer transponders. The system was to measure and record the trans­
mission of signal current as i t  passed by some intermediate po int. This 
was to a ss is t f ie ld  personnel in diagnosing the cause of communication 
problems in a p articu lar area. The system was to involve the use of 
current transform ation, frequency modulation (or pulse code modulation) 
and a wide band recorder to achieve the acqu isition  and recording re­
quirement. The tapes thus made could be analyzed on s ite  or returned to 
the shop. The decoding of the information on the lin e  would be done by 
a microcomputer-based system which was to be produced by another 
Rockwell f a c i l i t y .
Customer Relations
One u t i l i t y  customer which had a s ig n ific a n t UCS system in s ta lle d , 
was experiencing some Radio Frequency Interference complaints in an area 
served by the UCS system. I had been involved in RFI source searches 
before, both at Texas A&M and Texas E le c tr ic  Service Company. Rockwell 
asked that I a s s is t  the customer in an e ffo rt  to determine i f  (a) the 
UCS system was contributing to the problem, and (b) i f  the problem was 
contributing  to the poor communication success rate which was being 
experienced at times by the UCS in the same area.
I assisted  personnel from the u t i l i t y  in searching for and correct­
ing as many "noise sources" as possib le . Upon completion of the e ffo r t ,
I wrote a report to the u t i l i t y  suggesting that they review th e ir  25 kV 
construction standards. Most of the noise was caused by loose pole 
hardware, p a rt ic u la r ly  that hardware which re lied  on pressure from the 
wood pole to maintain tension. The lin e  involved had been constructed 
fo r some time and had been reinsulated for higher voltages every few
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years. The la s t  upgrade had moved the lin e  to the 25 kV c la s s . At that 
voltage le v e l,  s ig n ific a n t voltage stress is  placed on oxide layers be­
tween metal parts near the lin e s . TESCo found i t  necessary to use 
spring loaded washers to increase the tension on hardware and insure 
that a minimum noise generation potential existed. The Rockwell custom­
er had not done th is  to the lin e  in question. As a re su lt , when the 
temperature varied, or the wood pole compressed under the force applied 
by the hardware, the hardware became loose and the noise-causing oxide 
layer began forming. The problem could be temporarily cured by re tig h t­
ening the hardware, but noise would occur again after a short period. I 
indicated th is  to the u t i l i t y  during my v is i t  and in my report. I do 
not know i f  my recommendation was followed. Since a ll the noise sources 
in  the area were not "cured," I do not know i f  they were contributing to 
the poor communication success rate which was a periodic problem in the 
area.
S pecific  Assignment Task Analysis
My sp e c if ic  assignment was as previously outlined in the internship  
objective  and job description . Developing the feeder automation plan 
was a continuous foreground task, which was interrupted occasionally by 
other p ro jects. The automation plan was a rather so lita ry  duty. It 
required only occassional discussions in the engineering department and 
with fellow  R&D personnel to discover some aspect of the existing  system 
which I did not understand. The task analysis was performed and sche­
dules set for the completion of each task.
Develop Feeder Automation Concept
I was instructed to use whatever means I f e l t  were appropriate to 
define feeder automation. A fter a s ig n ific a n t amount of review, I sug­
gested that what was needed was for that u t i l i t y  industry to te ll us 
what "they" meant when they id e n tifie d  the concept. As a resu lt of my 
suggestion, a u t i l i t y  advisory group was invited to D allas to p a r t ic i­
pate in a two-day session. The function of the session was to arrive  at 
a concensus concerning what feeder automation should be. So my f i r s t
24
task was to corre late  the data received from the u t i l i t ie s  to define the 
feeder automation concept.
Develop Feeder Automation Project Plan
The project plan was to be developed from the understanding of the 
technology used by Rockwell and the understanding of feeder automation 
as derived from the u t i l i t y  advisory group and the lite ra tu re . The 
ultim ate plan included functional specification s and a schedule for 
implementation for the project.
Scope of Feeder Automation. There is  a lo t  of discussion in the 
industry concerning the scope of what is  ca lled  "load management." The 
same amount of discussion rages over what constitutes "d istrib u tio n  
automation." For the subject at hand I adopted the following general 
guide d e fin it io n s . Load Management consists of two parts: voluntary 
load management and involuntary load management. Both voluntary and 
involuntary load management attempt to manipulate the customer's use of 
e le c tr ic  energy. The voluntary method attempts to use coercive rate 
structures and public media in order to influence the customer to modify 
th e ir  pattern of use of e le c t r ic it y .  Involuntary (sometimes called  
active) load management is  when the company is  able to and does turn 
certa in  customer loads o f f .
D istrib u tio n  automation is  the f ie ld  which relates to control of 
a ll d is tr ib u tio n  equipment. That equipment within the substation is  
contro lled  by equipment which is  termed substation automation equipment. 
That equipment which is  beyond the substation fence is  termed feeder 
automation equipment. Note that active (involuntary) load management 
equipment is  beyond the substation fence and is  thus of the genre of 
feeder automation equipment.
Now that the d e fin itio n s  are stra ig h t, the next task in determining 
the scope of the feeder automation plan had to do with determining what 
things are to be done on the d istr ib u tio n  system which are beyond the 
fence. A quick reference to F ig . 1 again shows that there are numerous 
equipments along the feeder which a ffect it s  operation. The customer 
end of the business has been taken care of n ice ly  by the UCS, so the
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references to feeder automation from th is point on w ill address only 
those functions from the substation fence to the customer transformer.
Identify  Support. It was obvious that the development of a new 
system of the complexity of the one considered as a feeder automation 
system would tax the resources of the existing UCS personnel beyond 
th e ir  l im it .  Therefore, i t  was necessary to id en tify  additional sources 
o f technical ca p a b ility  both within and from outside the Rockwell busi­
nesses.
Identify Cost. The cost of developing the feeder automation system 
depended e n tire ly  on the performance leve ls  required and the schedule by 
which resources could be made ava ilab le . No e ffo rt  to scale the cost 
was made at the outset, since such an estimate would not have been 
appropriate. An order of magnitude was considered to be high hundreds 
of thousands of d o lla rs .
Identify  Host U t i l i t y . Several u t i l i t ie s  which already had Rock­
well powerline ca rr ie r  equipment in sta lled  expressed an in terest in hav­
ing a t r ia l  feeder automation system developed using th e ir systems.
Each u t i l i t y  had it s  own method of operating it s  d istr ib u tio n  sys­
tem. It became apparent that i t  would be necessary to find some consen­
sus within the industry about what a feeder automation system was and 
how i t  should be able to operate. In order to reach th is  consensus, 
Rockwell sponsored a meeting of what was la te r  id en tified  as a U t i l i t y  
Advisory Committee. The function of the committee was to a ss is t  
Rockwell in identify ing  the functions which the system should perform.
Prepare and Submit Proposals. The feeder automation system had to 
be defined fu n ctio n a lly  and techn ica lly  to the point where UCS had a 
high confidence level that the functions could in fact be performed by 
the hardware id e n tifie d  as being required. In it ia l proposals included a 
minimal experimental system to measure and control voltage on the 
feeder. The complete d e fin it io n  of the system was not accomplished 
until a fter the U t i l i t y  Advisory Committee was formed and had met with 
UCS s t a f f .
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Propose System for Funding
Funding an R&D e ffo r t  of th is  nature is  a real challenge. It is  
p a rt ic u la r ly  a challenge in the e le c tr ic  u t i l i t y  industry. This issue 
became one of the biggest areas of contention between venture management 
and me. The experience which Rockwell had in performing R&D fo r  the 
m ilita ry  led them to believe that the u t i l i t y  industry had d iscretionary  
funds in R&D budgets s im ilar to those budgets within commands of the 
armed forces. They did not seem to understand that regulated monopolies 
cannot and do not spend R&D money quickly on the basis of a proposal 
from a would-be vendor of equipment.
The u t i l i t y  industry has established an entity  to take care of 
these kinds of things for i t  in an orderly manner. That en tity  is  the 
E le c tr ic  Power Research Institute  (EPRI) which is  located in Palo A lto ,  
C la ifo rn ia . Therefore, several proposals were to be submitted, and 
EPRI was to receive one.
Implement System on Prototype Scale
Assuming 1 and 2 above, the next step would be to implement the 
plan in a prototype system and test i t .  The test was designed to pro­
duce several evaluations. F ir s t ,  would the system actually  work ( fa s t  
enough, re lia b ly  enough, f le x ib ly  enough, e tc .)?  Next, did the user 
gain better d ire ct control over those systems he wished to control by 
using the system? F in a lly , what would be the co st, schedule and perfor­
mance of a fu ll- s c a le  in sta lla tio n ?
A ss is t On-going UCS A c t iv it ie s
Several UCS R&D e ffo rts  were underway when I a rrive d . A few were 
in it ia te d  during my stay. D irect and in d ire ct partic ipa tion  in these 
e ffo rts  consumed the remainder of my time while at Rockwell. A few of 
the projects were:
1 Capacitor iso la to r  product evaluation
2 Radio receiver test and evaluation
3 RFI study fo r customer
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Adm inistrative Assignment
The principal adm inistrative duty was to a ss is t the d irector of R&D 
in  the preparation of the 1981 strateg ic business plan.
The plan evolved over a two-week period of continuous work. The 
e ffo r t  began with defining the tasks which R&D f e l t  were necessary to 
support the on-going UCS project. The tasks were id e n tifie d  in Gant 
chart format and estimated manhours and equipment budgets for each task 
assigned. The resu lting  manpower projections and equipment budget pro­
posals were combined into an operating budget summary. That summary was 
submitted to the venture d ire cto r, who presumably incorporated i t  into 
the project budget.
Several weeks a fter the budget submittal , the members of the ven­
ture accounting s ta ff reviewed in detail each of the budget items with 
the d irecto r and me.
While a ll of th is  sounds lik e  a simple budget process, the position  
of the R&D department must be remembered. We were the ones who had 
sponsored the u t i l i t y  advisory committee e ffo r t .  That was one a c t iv ity  
which allowed us to see the customer's desires very c le a r ly . We worked 
very c lo se ly  with marketing in the preparation of proposals so we under­
stood what kind of specification s were being issued by the customers for  
our kind of equipment. We worked c lose ly  with the f ie ld  service person­
nel on p a rt ic u la r ly  sticky communications problems and therefore had an 
exce llent opportunity to evaluate the overall system performance and it s  
weaknesses. We attended IEEE conferences and assisted section chairmen 
in  related f ie ld s ,  and thus met and talked to u t i l i t y  personnel who were 
d ire c t ly  interested in "load management-feeder automation equipment." 
As a re s u lt ,  we knew how well the competition was doing on th e ir  t r ia l  
system in s ta lla t io n s .
So, the task analysis prepared by R&D was a compendium of under­
standing of the marketplace, our place in i t ,  and the apparent desires 
of the customer. Several contingencies were evaluated. Maximum and 
minimum e ffo r t  budgets were prepared to indicate that the UCS R&D e ffo r t  
would accommodate changing market requirements. In fa c t , the entire  
budget was modular. That is ,  each task carried it s  own schedule of
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expenditures. If the situation  warranted, the task, and hence it s  pro­
posed expenditure, could be advanced or delayed in response to external 
pressures.
Sources of Information Required
The information necessary for me to understand the communications 
system techniques used by the UC system was contained in the patent 
descriptions for the Kineplex system. The patent was issued to the 
C o llin s  Radio Company during the 1950's. The actual technique is  a 
d iffe re n t ia l phase s h ift  keying (DPSK) modulation technique which in the 
early  stages of the project was biphase and la te r quad-phase DPSK. The 
real advantage of the technique is  that i t  is  synchronous, that i s ,  the 
transm itter and receiver both know over what period to lis te n  for each 
data b it .  This is  achieved by using a harmonic of the power lin e  
frequency as a "p ilo t"  or standard frequency. An additional advantage 
of the system is  that the nu lls  of the detectors are invariably placed 
on the 60 Hz harmonics adjacent to the signal frequency thereby 
improving the communication probability  with very l i t t l e  penalty to the 
system.
Internal Rockw ell/Collins UCS documents
When Rockwell purchased C o llin s  Radio in the early 70's ,  the Kine­
plex patents came in the transfer of technology. An extensive private  
technical lib ra ry  also exists which contains the internal papers written  
by Collins-R ockw ell/Collins engineers on various communications sub­
je c ts . None of those documents w ill be referenced or quoted in th is  
report. The patents, which are pub lic , are a substantial source of 
inform ation.
Industry Papers
Several papers on load management and automatic meter reading had 
been published in the power apparatus and systems journal of the IEEE.
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Mr. Arrington had written a paper on load management and automatic meter 
reading using power lin e  c a rr ie r . These papers formed the basis of my 
understanding of the "state-of-the-art" in the load management world. A 
few very speculative a rt ic le s  about what "d istrib u tion  or feeder 
automation" might be were written in some major manufacturer's in-house 
magazines, but no major d e fin itio n  of a consensus as to what feeder 
automation was or what i t  should do emerged from the lite ra tu re .
Conversation with U t i l i t y  Representatives
Technical meetings presented an excellent opportunity to discuss a 
broad range of topics with ind ividuals of s im ilar in te re st. Engineers 
from u t i l i t i e s  which were considering the use of load management/feeder 
automation equipment spent a great deal of time and e ffo rt  trying to 
understand the sta te-o f-th e-art and it s  potential use. They were very 
in q u is it iv e  about the Rockwell system and returned any information given 
with information of th e ir  own about how they intended to use the system 
in  the future . A lo t  of "what i f  you c o u ld ..."  type discussions led to 
a general understanding on my part of what the industry wanted.
Experi ence
I was an active designer and user of d istr ib u tio n  systems for some 
years at TESCo. My experience contributed s ig n if ic a n tly  to the general 
understanding of u t i l i t y  p ractices.
U t i l i t y  Advisory Committee
The u t i l i t y  advisory committee was formed to provide input to the 
UCS s ta ff  d ire c t ly  from those members of the u t i l i t y  industry who were 
intending to use the equipment under development. However, as pointed 
out in the next section, even i f  the advisory group cou ldn 't reach a 
consensus, th e ir  input contributed strongly to Rockwell's understanding 
of u t i l i t y  needs.
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EPRI Reports on Test Projects
At the time I was doing my research and system design, there were 
two major projects under way in the f ie ld  of "substation automation." 
Both these projects were sponsored by EPRI. No data was availab le  from 
e ith er of the projects at that point. The two projects bordered on the 
use of feeder automation techniques and therefore were of some in te re st. 
There were also some other EPRI sponsored projects on load management 
and automatic meter reading which were nearing an end.
I t  appeared at the time, that we were close enough to the state of 
the art that there was not l ik e ly  going to be anyone to "learn from." 
We would ju st have to take the information we had and do the best we 
could.
Information Required But Not Readily Available
A ll of the fundamental communication information was a va ila b le . 
A ll of the information on load management was also ava ilab le . Precious 
l i t t l e  information was available  on the d e fin itio n  of the scope and 
function of feeder automation. The company formed the u t i l i t y  advisory 
group (UAG) to try and generate the inform ation, and in a way that 
e ffo r t  was more successful than we at f i r s t  thought. The UAG did  
id e n tify  the functions an integrated feeder automation system should be 
able to perform, but they could not agree on which small subset should 
be placed on p r io r ity  fo r development.
Adm inistrative and Managerial A c t iv it ie s
The planning function at Rockwell had already passed through the 
strateg ic  level before I a rrived . The logic involved in the selection  
of the venture from among a lternative  programs went something lik e  
thi s .
M ilita ry  contracting is  shortrange and high r isk .
Rockwell has 30-40% of it s  business tied up in m ilita ry  contract­
ing.
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The u t i l i t y  industry is  much more stable (from Rockwell's experi­
ence with valve and water meter sa les), so why not s ta b iliz e  business by 
developing another business area associated with u t i l i t ie s .  The tech­
nical scenario described in th is  report then led Rockwell to decide 
(plan) to develop the UCS operation.
The next level of planning got down to ta c t ic s . How do you get the 
system going technically? How do you get the system funded? How do you 
get the system designed? How do you evaluate the desires of the poten­
t ia l customers? Each of these questions (and many more) were addressed 
in some d e t a i l .
My part o f the program was lim ited to the project known as the 
Feeder Automation System. I was re sp o n sib le  for the work breakdown 
structure (task analysis) which appeared e a r lie r .  Following the task 
a n a ly s is , I estimated the resources necessary to perform each task. The 
resources (hardware, capital items, and people of the appropriate tech­
nical leve l) were a ll available from within the pool of the Rockwell/ 
C o llin s  operation. I did not reach the "staffing  level" since the proj­
ect was never funded. The c r ite r ia  by which the project would have been 
staffed  had been pretty well set (level of competence, number of peo­
ple) .
I was a team member, not a team leader by d e fin it io n . My roles  
were lim ited  to the Informational and Interpersonal. The monitor/dis­
seminator/spokesperson roles were performed when I attended meetings in 
an attempt to gather an understanding of what the industry wanted from a 
feeder automation system. The liaison/leader/figurehead roles were how 
I accomplished the creation of the u t i l i t y  advisory group. I was the 
"token" u t i l i t y  guy on the project. It became apparent to me that my 
own convictions would not be enough to convince the program s ta ff  of a 
f r u it fu l future course of action . I proposed that the UAG be formed and 
convinced the appropriate members of the project that i t  was in th e ir  
in te re st to do so. This lia iso n  role  expanded when the UAG was actu a lly  
formed, as I was able to in v ite  ind ividuals I knew to p a rtic ip a te . The 
decisional roles were handled by Mr. Arrington. I was not assigned to 
d ire c t ly  supervise any employees. Therefore, I did not have any admin­
is t ra t iv e  duties normally associated with supervision.
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The evolution of my a c t iv it ie s  is  recounted in some detail in my 
monthly internship reports which are contained in Appendix A.
The most s ig n ific a n t adm inistrative duty to which I was assigned 
was the preparation of the Strategic Business Plan and associated bud­
gets fo r the R&D group. This was done in close coordination with the 
d ire cto r of Research and Development and under his d irect supervision.
Contributions to Areas Outside D irect Assignment
The function of the R&D group was to support the future of the 
p roject and help any function in the project that needed help to support 
the "today" of the project. I was part of the R&D e f fo r t ,  so that char­
ter fe l l  to me as w ell. We/I assisted marketing in the preparation of 
proposals. We assisted engineering in improving the performance of the 
communication system by the addition of the resonated capacitor is o la ­
to r . We assisted f ie ld  service by providing guidance in the diagnosis 
of problems in communication success rate with in sta lled  systems. We 
assisted f ie ld  service by assisting  the customer u t i l i t y  in diagnosing 
Radio Interference sources. We assisted purchasing by testing and 
reporting on d e fic ie n t lo ts  of equipment sent to us for use by vendors. 
In addition , we wrote test plans which could be used in the future to 
insure that poor quality  lo ts  of material were not accepted.
Non-technical Problems
Human Relations
The most d i f f i c u l t  and ultim ately the most rewarding re lationsh ip  I 
had during my internship was with my internship supervisor Mr. R. A. 
(Bob) Arrington. Bob is  a very task-oriented manager, and I am a very 
people-oriented type person. Our styles were in d irect c o n f l ic t .  Bob 
is  a former submarine commander. I am a former p ipeline superintendent. 
Each of us f e l t  that we were capable, independent in d iv id u a ls . As a 
re s u lt ,  as my e ffo r t  proceeded, Bob fe l t  that I needed more structure in 
my time management and thought processes. He began reviewing my work in 
smaller and smaller batches. This type of a c t iv ity  was very fru stratin g
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to me in that I was used to being given general d irection  and then the 
success or fa ilu re  of my e ffo rts  judged by the ultimate outcome. Bob 
f e l t  that he needed much more control over the path of my progress than 
th a t. We discussed th is  d ifference often in an attempt to reach some 
middle ground suited to both of us.
Bob wanted feedback regularly so that he could modify the course of 
progress with whatever new insight he might have. I wanted the sa tis ­
faction  of being able to complete the work in a re la t iv e ly  unfettered 
manner. I was p a rticu la r ly  frustrated by the course m odifications which 
in ev ita b ly  resulted from the review sessions.
The most pleasant part of the internship experience was when Bob 
and I discovered a method/style which worked well for both of us. It 
was what might be termed the "corner of the desk" approach. E ssen tia l­
ly ,  the problem had been one of delay in the feedback system. Bob would 
in s tru c t me to perform a task which was a subset of some pro ject. I 
would go away and la te r  return to review my progress in that task. 
Based on new understanding of the project, and the re su lts , Bob would 
restructure the task which I had ju st performed and assign i t  again.
When Bob and I concentrated on tasks together, and reduced the per­
iod between reviews, the problem vanished. Bob got his immediate feed­
back, and I got the g ra tifica tio n  of working with him on a project of 
mutual importance. This approach used a considerable amount of both our 
time in the beginning. However, once the projects we were working on 
were c le a r ly  enough defined that Bob and I both had the same understand­
ing of not only vrtiat was to be done but how as w e ll, I could go away fo r  
longer periods and the work progressed much more rap id ly .
This technique was used very e ffe c tiv e ly  during the strategic busi­
ness planning period. While the intense/interactive planning period 
lasted only a matter of 3 days, the actual preparation of budgets and 
task descriptions went on for weeks. Bob seemed pleased that I was 
working c lo se ly  with him on the in it ia l  stages of detailed problem d e fi­
n ition  and solution planning. I was pleased that my contributions were 
subject to immediate feedback so that unproductive excursions along 
undesired paths could be held to a minimum. I am convinced that th is  
experience alone was worth the nine-month internship. Searching for and 
finding a method which allowed two very diverse personalities to work
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together productively was very rewarding. I leave to Bob any discussion  
of h is observations during that time. I think I re f le c t  his feeling  
however, since we discussed the situation  often.
Limited U t i l i t y  Experience of Staff
Many of the ind ividuals of the s ta ff of the venture had never been 
exposed to the u t i l i t y  industry to any great extent. A few notable 
exceptions were the venture d irector who had sold metering equipment to 
the industry fo r some years. The southern region marketing d irecto r had 
also had previous marketing experience as a vendor to the industry. No 
member of the s ta ff had ever worked for a u t i l i t y .  Some of the e lec­
tron ics  types found u t i l i t y  practices hard to understand and appreciate. 
The fundamental conservatism which is  imposed by system r e l ia b i l i t y  
requirements was something few people outside the industry could under­
stand. The fee ling  that "the lig h ts  must not go out," seemed to shock 
some of the venture personnel. R e lia b il ity ,  accuracy, s im p lic ity , and 
f le x ib i l i t y  were the watchwords by which the systems had to be designed 
and operate.
C r it ic a l Resource A llocation
The "home o ffice "  for the venture was located at Municipal and 
U t i l i t y  d iv is io n  headquarters in Pittsburgh, PA. The d irectors of the 
venture and the accounting s ta ff were located there. The remainder of 
the e ffo r t  was located in Dallas to take advantage of the resources 
a va ila b le  from the communications/electronics businesses located there. 
There were no people with u t i l i t y  experience, or with major system 
marketing experience, or with major computer system design experience or 
with sophisticated communication system implementation experience at the 
home o f f ic e .  As a re s u lt , the project reviews which occurred there on a 
casual basis did not re f le c t  the technical re a lit ie s  vtoich were apparent 
to those c loser to the work. This is  a problem i f  the home o ffic e  is  
across the street. So, distance is  not the only reason for th is  seeming 
in s e n s it iv ity  to technical re a lity .
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As a re s u lt , decisions on budgets and c r it ic a l resource a llocation  
were made with minimum consideration for the impact which they had on 
anything but the "immediate bottom lin e ."  At times, th is  was very d is ­
couraging to me and to other members of the s ta ff .
C o n flic tin g  Objectives
One example of co n flic tin g  organizational objectives occurred at 
the stage of the project when sources for funding for feeder automation 
prototype system development were being investigated. One source of 
funds was offered to perform work very c lose ly  akin to work needed and 
planned within the R&D department. We (the R&D group in general and I 
s p e c if ic a lly )  were instructed to pursue th is  source of funds. When the 
pursu it brought f r u it  in the form of a request for proposal, the venture 
s ta ff  decided that there would be unnecessary burden placed on the s ta ff  
of the venture to pursue th is  path. Support for the e ffo rt  was 
withdrawn, and the potential funding was lo s t .
This is  an example of R&D attempting to insure the future of the 
e f fo r t ,  while engineering is  attempting to fig h t f ire s  with the re­
sources i t  has. There w ill always be c o n flic t  in situations of th is  
nature and the c o n f lic t  can be managed to y ie ld  productive behavior from 
both of the groups. I am sure that I am prejudiced in th is  instance, 
but I f e l t  that more productive steps could have been taken.
Customer Relations
The R&D group had a special place in the customer re lations ro le . 
We were the "the pros from Dover." We were called  in to partic ipate  in 
p a rt ic u la r ly  d i f f i c u l t  communications s itu atio n s, or when the customer 
wanted to discuss the system in depth. We assisted customers in defin­
ing th e ir own thinking about the potential application of the system.
Vendor Relations
The UCS project developed several associated products which were 
used to implement the communication sytstem. New products were being
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developed which were designed to enhance the communication success rate 
and/or to reduce the cost of the system. The role of R&D in  the vendor 
re la tio n s  area was twofold. The f i r s t  kind of re lationsh ip  was during 
the development of new products. The vendor would propose a product to 
sa tis fy  a need which we indicated we had, and we would try sample 
quantities of the product to determine its  usefulness. The second kind 
of re la tion sh ip  developed when a vendor's product began to malfunction 
afte r application  in the f ie ld .
When th is  occurred, R&D was asked to determine the cause of generic 
fa ilu re s  and recommend a so lution , or so lutions. R&D also dealt 
d ire c t ly  with the vendor to determine what course of action the vendor 
recommended. A fter the problem was id e n tif ie d , there was a period vrfien 
the information gained from the understanding of the problem was added 
to the sp e c ifica tio n  and testing process to avoid future problems of the 
same kind.
Consequences
When the environment in which you work is  uncertain, then the 
appropriate organizational position for which to str ive  is  one of f le x i­
b i l i t y .  Since the d e fin itio n  of feeder automation was rather vague, 
e sp ec ia lly  the part describing how the u t i l i t y  might use i t ,  then the 
appropriate position  for the UCS feeder automation system would be one 
of f le x ib i l i t y .  Therefore, I designed a modular system which could be 
applied in any manner the u t i l i t y  cared to apply i t .  When ultim ately  
in s ta lle d  in t o ta l ity ,  i t  formed an integrated feeder automation system 
with the a b il it y  to perform its  assigned function. This meant that the 
system could not evolve piece by piece as customers were found, but that 
the system had to be designed as a whole and disassembled into pieces 
which could not only perform their own functions in a stand-alone mode 
but which were capable of being integrated into a larger system without 
m odification .
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SINCE THE INTERNSHIP
Since the internsh ip , I have returned to the parent company of 
TESCo. I am currently  assigned as supervising e le ctr ica l engineer in 
the TUSI nuclear engineering group at Comanche Peak Steam E le c tr ic  
S tation . One of the projects I am responsible for is  the development 
and in s ta lla t io n  of a major minicomputer data acquisition  and display  
system for the p lant. I am responsible for the co st, schedule and the 
performance of the system and am designated as the project manager. The 
magnitude of the system development e ffo rt  is  e ssen tia lly  the same as 
that fo r the UCS venture. I had d ire ctly  observed some of the most 
serious problems faced during system integration in the pursuit of per­
formance, schedule and budget, and have sought to elim inate as many of 
them as possib le . The experience at Rockwell is  invaluable in th is  
respect.
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CONCLUSION
O r ig in a lly , I was skeptical about the worth of the internship for 
an ind ividual who already had substantial experience. Dr. Porter, 
(E le c tr ic a l Engineering Department, D.Engr. Program Advisor) among 
others, convinced me that I was mistaken. I embarked on the internship  
by having to inform TESCo that I would be working fu ll time at Rockwell. 
Since I was on leave of absence for education, they were concerned that 
I did not "come back to work." I f I had, I would have missed one of the 
most rewarding experiences of my l i f e .  Further, Texas U t i l i t ie s  would 
not have a computer system project manager who had "been there." I could 
not do as e ffe c tiv e  a job at what I am currently assigned to do i f  I had 
not had the internship experience.
In summary, the internship was designed to meet the requirements of 
the Doctor of Engineering requirements of Texas A&M U niversity. It pro­
vided a broad experience for me covering d i f f ic u lt  technical challenges 
in  my area of expertise as well as management insight and p artic ip a­
t io n .
I submit th is  report in  satisfaction  of the internship reporting  
requirement and fo r the benefit of those who may follow .
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Dr. B. Don R ussell  
D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering  
Texas A&M U n i v e r s i t y  
C ollege  S t a t i o n ,  Texas 77843
June 12, 1980
Ref erence:  Doctor o f  En gineering  I n t e r n s h i p  Report  o f  Tom J .  T a l l e y  f o r  
t h e  Month o f  May, 1980
Dear Dr. R u ss e l l:
P l e a s e  a c c e p t  t h i s  l e t t e r  as my I n t e r n s h i p  Report  f o r  the  month o f  May.
S in c e  you a l r e a d y  have my p o s i t i o n  d e s c r i p t i o n ,  l e t  me j u s t  d e s c r i b e  my 
p o s i t i o n  w i t h i n  th e  management h ie r a r c h y  o f  t h i s  Rockwell v e n t u r e .  I am 
a S e n i o r  Systems Research & Development S p e c i a l i s t  who f u n c t i o n s  
p r i m a r i l y  as  a member of  the  s t a f f  of  the  D i r e c t o r  of  Research and 
Development,  Mr. R. A. A r r i n g t o n .  There a r e  f i v e  o t h e r  program 
d i r e c t o r s  o r  managers who compose the s e n i o r  management group o f  t h i s  
v e n t u r e .  In a l l  th ey  are:
R. A. A r r i n g to n  D i r e c t o r  of  Research & Development
6 .  Bowling D i r e c t o r  o f  P roduct  Engineering
P.  G. Burgan Systems I n t e g r a t i o n  Manager
F.  J .  Kramer D i r e c t o r  of  Business P la nnin g  & O p e ra t io n s
M. A. McDermott Product ion  Manager
J .  R. W it te nburg  D i r e c t o r  of  Marketing
These i n d i v i d u a l s  r e p o r t  to Mr. G. S. Rambo, D i r e c t o r  of  U t i l i t y  Commu­
n i c a t i o n s  Systems (UCS).
The UCS group o r  v e n t u r e  as i t  i s  c a l l e d ,  i s  a v e n tu r e  of  th e  Municipal 
and U t i l i t i e s  D i v i s i o n  o f  Rockwell I n t e r n a t i o n a l ' s  General I n d u s t r i e s  
Group.  The v e n t u r e  was begun in appro xim ate ly  1972 in  an e f f o r t  to s a t ­
i s f y  a p e r c e i v e d  m ark et  f o r  d i s t r i b u t i o n  power l i n e  c a r r i e r  equipment in 
t h e  usage o f  e l e c t r i c  energy .  Some r e g u l a t o r s  even began to r e q u i r e  
t h a t  th e  u t i l i t y  make p lans  f o r  implementing e l e c t r i c  r a t e s  vrtrich would 
e ncourage  what i s  c a l l e d  " o ff  peak" use of  e l e c t r i c  energy th u s  re ducin g  
t h e  amount o f  c a p i t a l  r e q u i r e d  f o r  c a p a c i t y  c o n s t r u c t i o n  and hence the 
c o s t  o f  e l e c t r i c i t y  to  the  cu stom er .
There  a r e  s ev e ra l  methods of  implementing t h i s  kind of c o n t r o l  which a r e  
beyond th e  scope o f  t h i s  l e t t e r .  The method chosen f o r  im ple menta tion  
by Rockwell I n t e r n a t i o n a l  was using the  d i s t r i b u t i o n  l i n e s  as  a communi­
c a t i o n s  media .  As you know, th e  d i s t r i b u t i o n  system i s  a p a r t i c u l a r l y  
harsh  environm ent from a communications s t a n d p o i n t .  However, due to the  
e x p e r t i s e  o f  C o l l i n s  Radio e n g in e e rs  who have developed over the  y e a r s  
t e c h n i q u e s  f o r  communicating in harsh e l e c t r o m a g n e t i c  e n v i ro n m e n ts ,  
Rockwell was s u c c e s s f u l  in developing a power l i n e  c a r r i e r  system which
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a llowed th e  u t i l i t y  to  communicate commands to customer i n t e r r u p t i o n  
d e v i c e s  and r e c e i v e  meter  r e a d in g s  from customer meters  over the  d i s t r i ­
b u t i o n  system .  The i n i t i a l  implementa tion of  t h i s  system has been in 
th e  form o f  "load management" and "meter reading" equipment.  T h a t  i s  
b i d i r e c t i o n a l  t r a n s p o n d e r s  i n s t a l l e d  a t  the  c u s t o m e r ' s  r e s i d e n c e  which 
a r e  c a p a b le  o f  b a s i c a l l y  two f u n c t i o n s .  Function Number 1 i s  accumula t­
ing and t r a n s m i t t i n g  e l e c t r i c  meter  r e a d in g s  as well as r e a d i n g s  from 
gas and w a ter  m e te rs  i f  they  a r e  p r o p e r l y  i n t e r f a c e d .  Function  Number 2 
i s  th e  i n t e r r u p t i o n  o f  customer lo a d s  when so i n s t r u c t e d  by th e  u t i l i ­
t y .
My prim ary  f u n c t i o n  in t h i s  v e n tu r e  and group i s  to develop a s t r a t e g y  
f o r  implementing a d d i t i o n a l  automation f u n c t i o n s  through use o f  power 
l i n e  c a r r i e r  equipment .  Some work had p re v i o u s l y  been done by o t h e r s  in 
t h i s  a r e a  b u t  no formal p ro p o s a ls  have been made to d a t e .
My f i r s t  a ss ig n m e n t  in t h i s  a re a  was to develop a d i s t r i b u t i o n  automa­
t i o n  v o l t a g e  c o n t r o l  proposal  f o r  implementa tion in c o o p e r a t i o n  with  
Wisconsin P u b l i c  S e r v i c e  C orpora tion  of  Green Bay, Wisconsin (WPSC). 
WPSC had a l r e a d y  implemented a load management system b u i l t  by Rockwell 
I n t e r n a t i o n a l  UCS. They d e s i r e  to expand the  use of  t h e i r  e x i s t i n g  
power l i n e  c a r r i e r  system to c o n tro l  c a p a c i t o r  banks and s tep  v o l t a g e  
r e g u l a t o r s  in  a more c l o s e d  loop f a s h i o n .
I was a s s i g n e d  a secondary t a s k  of  a s s i s t i n g  in the g e n e r a t i o n  of  s p e c i ­
f i c a t i o n s  f o r  a c a p a c i t o r  i s o l a t i o n  i n d u c t o r .  These i n d u c t o r s  a r e  
p la c e d  in s e r i e s  with  c a p a c i t o r  banks normally employed by e l e c t r i c  u t i ­
l i t i e s  to r a i s e  th e  zero sequence o r  p o s i t i v e  sequence impedance to 
ground f o r  our power l i n e  c a r r i e r  s ignal  a t  5180 Hz. One of  th e  t e s t  
s p e c i f i c a t i o n s  r e q u i r e d  t h a t  the  i n d u c t o r  be t e s t e d  f o r  i n r u s h .  The 
c a p a c i t o r  in r u s h  phenomenon i s  d e sc r ib e d  in the  Westinghouse T&D Manual 
and i s  one which normally  occurs  each t ime a c a p a c i t o r  bank i s  s w i tc h e d .  
T h e r e f o r e ,  an y th in g  which i s  placed in s e r i e s  with  t h a t  c a p a c i t o r  bank 
would have to w i t h s t a n d  numerous o c c u r ren c e s  of  th e  in ru s h  phenomenon.
I ,  t h e r e f o r e ,  c a l c u l a t e d  the  expected amount of  i n ru s h  c u r r e n t  from d i f ­
f e r e n t  s i z e s  o f  c a p a c i t o r  banks.  The inrush  c u r r e n t  c a l c u l a t i o n  was 
th e n  used as a guid e  f o r  t e s t i n g  th e  c a p a c i t o r  i s o l a t o r .
Another secondary  r e s p o n s i b i l i t y  which I was a ss ig n e d  was t h a t  o f  
d e s i g n i n g  a performance t e s t  f o r  the  ra d io  c o n t r o l e d  s w i t c h .  The swi tch  
was a YHF FM r e c e i v e r  which used a switched c a p a c i t o r  f i l t e r  and a 
m i c r o p r o c e s s o r  to d e t e c t  v a r io u s  c o n t ro l  tone s  and o p e r a t e  a r e l a y  which 
was in s e r i e s  with  a customer water  h e a t e r  o r  a i r  c o n d i t i o n e r .  These 
r e c e i v e r s  were manufactured  in p ro to ty p e  form f o r  Rockwell by a n o th e r  
m a n u f a c t u r e r .  Several  of  th e s e  r e c e i v e r s  had p r e v i o u s l y  been t r i e d  a t  
Arkansas  Power and L i g h t  and had f a i l e d  to perform p r o p e r l y .  I was 
asked to d e s ig n  a t e s t  which would de te rmin e  whether o r  not  th e  r e c e i ­
v e r s  met th e  s e n s i t i v i t y  re q u ire m e n t  of  50 m i c r o v o l t s  in f r e e  space  and 
a l s o  th e  a d j a c e n t  frequency  r e j e c t i o n  s p e c i f i c a t i o n .  Using sc r e e n  room
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and t e s t  equipment a v a i l a b l e  a t  C o l l i n s  D i v i s i o n  o f  Rockwell I n t e r n a ­
t i o n a l ,  I d e s ig n e d  a t e s t  s e t  up using c a l i b r a t e d  a ntennas  which would 
g e n e r a t e  a c a l i b r a t e d  RF f i e l d  in and around ra d io  r e c e i v e r s  so t h a t  
t h e i r  perform ance co uld  be measured.  I was a s s i s t e d  by Mr. Tim Herron 
o f  UCS group who perforated the  a c tu a l  t e s t .  His r e p o r t  i s  a t t a c h e d .
In summary, then  t h i s  month I was a s s ig n e d  one primary duty: A proposal  
f o r  d i s t r i b u t i o n  automation v o l t a g e  c o n t r o l  a t  WPSC. The c om ple tion  
d a t e  a s s i g n e d  was Ju n e  15 .  Second p r i o r i t y  i tems were: a s s i s t  in  th e  
g e n e r a t i o n  o f  a c a p a c i t o r  i s o l a t i o n  s p e c i f i c a t i o n ,  and develop a t e s t i n g  
system f o r  th e  r a d i o  switch  t i t l e h  was provided by a n o th e r  v e n d e r .
T his  c o m p le te s  t h e  summary o f  my May a c t i v i t i e s  i n  th e  D octo r  o f  
E n g i n e e r in g  I n t e r n s h i p .
S i n c e r e l y ,
Dr. B. Don R ussell
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Dr. B. Don Russell  
D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering 
Texas A&M U n i v e r s i t y  
C ollege  S t a t i o n ,  Texas 77843
R eference:  Doctor o f  Engineering  I n t e r n s h i p  Report  o f  Tom J .  T a l l e y  f o r  
t h e  Month of  J u n e ,  1980
Dear Dr. R u s s e l l :
P l e a s e  a c c e p t  t h i s  l e t t e r  as my Doctor of  Engineering I n t e r n s h i p  Report  
f o r  th e  month o f  J u n e ,  19 8 0 .
My pr im ary  ass ig n m e n t  f o r  t h i s  month remained the  Feeder Automation Pro­
posal  f o r  Wisconsin P ubl ic  S e r v i c e  Company (WPSC). The proposal  was one 
which Rockwell had committed to make during  e a r l i e r  s e s s i o n s  with  WPSC. 
Since  th e  Load Management and D i s t r i b u t i o n  Automation e f f o r t s  a r e  s e p a r ­
a t e  in n a t u r e ,  and t i e d  through j o i n t  management a t  the  s e n i o r  le vel  , i t  
became a p p a r e n t  th e y  wished to i n v e s t i g a t e  the  incremental  c o s t  and ben­
e f i t s  o f  us in g  t h e i r  power l i n e  c a r r i e r  system f o r  o t h e r  f u n c t i o n s .  The 
most  obvious  o f  th o s e  was Feeder Automation. Using background d a ta  pro­
vid ed  by Mr. R. A. A rr in g to n  and o t h e r s  i n c l u d i n g  e n g in e e r in g  bro chures  
on s t e p  r e g u l a t o r  c o n t r o l l e r s ,  c a p a c i t o r  bank c o n t r o l l e r s ,  I de s igned  
down to the  b lo ck  diagram l e v e l ,  the  hardware n e c e s sa ry  to implement a 
Feeder Automation System as d e s c r ib e d  by WPSC. The proposal  in c lu ded  
d i r e c t  c o n t r o l  from the d i s p a t c h  o f f i c e  of  two c a p a c i t o r  banks,  one s tep  
v o l t a g e  r e g u l a t o r  and t h r e e  remote v o l t a g e  m o n i t o r s .  A copy o f  th e  pro­
posal  i s  a t t a c h e d .  Cost  e s t i m a t e s  were made based on f i g u r e s  provided 
by e n g i n e e r i n g ,  p r o d u c t i o n ,  f i e l d  s e r v i c e ,  and our own e s t i m a t e  of  r e ­
s e a r c h  and development o v e r s i g h t  ex p en s e s .  The proposal was p r e s e n te d  
t o  WPSC a t  a meet ing with  R. A. A r r i n g t o n ,  Bill  Bourbonnais,  Manager of  
D i s t r i b u t i o n  E n g i n e e r i n g ,  WPSC; o t h e r  WPSC s t a f f  members and m ysel f  on 
t h e  1 2 th  o f  J u n e ,  1 9 8 0 ,  a t  WPSC's h e a d q u a r t e r s  o f f i c e  in Green Bay, Wis­
c o n s i n .
During t h a t  meet ing a p e r ip h e r a l  i s s u e  was d is c u s s e d  concern in g  the  r e ­
l i a b i l i t y  o f  our power l i n e  c a r r i e r  equipment.  As p r e v i o u s l y  mentioned 
in  my r e p o r t  o f  May, 1 9 8 0 ,  c a p a c i t o r  i s o l a t i o n  in d u c t o r s  a r e  used by 
Rockwell UCS t o  p r o v id e  high impedance zero sequence pa ths  to ground f o r  
t h e  power l i n e  c a r r i e r  s i g n a l .  The in d u c t o r s  a r e  p laced a t  th e  wye 
p o i n t  o f  c a p a c i t o r  banks to ground of  th e  WPSC system.  During the  
r a t h e r  s ev e re  co ld  weath er of  l a s t  w i n t e r ,  severa l  of  th e s e  epoxy encap­
s u l a t e d  i n d u c t o r s  e x h i b i t e d  cra cks  in the p r o c e l a i n  s t a n d o f f  i n s u l a t o r s  
and th e  epoxy around the neck j o i n i n g  the i n s u l a t o r  to the  i n d u c t o r  
body.  WPSC was deeply  concerned with the  performance of  t h e s e  i n d u c t o r s  
a f t e r  n o t in g  th e s e  c ra ck s  b e g in n in g .  During the  WPSC Feeder  Automation 
Proposal  meet ing th e  q u e s t i o n  was asked what Rockwell in te nded  to do to 
i n s u r e  t h a t  no f u r t h e r  c ra ck in g  or  f a i l u r e  of  th e s e  d e v ic e s  would o c c u r .
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As a r e s u l t  o f  t h a t  meeting Mr. Emil R e c h s t e i n e r ,  P r e s i d e n t  of  TDC 
C o r p o r a t i o n ,  th e  m a n u fa ctu r er  o f  the  i s o l a t o r s  f o r  Rockwell ,  made an 
a p p o in tm e n t  to  meet  with Rockwell r e p r e s e n t a t i v e s ,  WPSC r e p r e s e n t a t i v e s  
and members o f  h i s  s t a f f  in Green Bay to d i s c u s s  th e  i s o l a t o r  problem. 
Mr. A r r i n g t o n  ass ig n e d  me to a t t e n d  the  meeting along with  r e p r e s e n t a ­
t i v e s  from R o c k w e l l ' s  p roduc t ion  group.  The meeting was held in Green 
Bay Wednesday, th e  18 th  of  J u n e ,  1 9 80 .  Mr. R e c h s te i n e r  p r e s e n te d  to the  
WPSC personnel  th e  unde rs tandin g  of  TDC as  to how the  u n i t s  a c t u a l l y  
f a i l e d .  I t  may be the  d i f f e r e n c e  in thermal expansion cohes io n  between 
th e  epoxy and p o r c e l a i n  s t a n d o f f  i n s u l a t o r s  induced s t r e s s  in the  epoxy 
which f i r s t  c ra ck ed  the  p o r c e l a i n  thus a llowing the epoxy to c r a c k .  Mr. 
R e c h s t e i n e r  i n d i c a t e d  of  course  t h a t  he would be happy to work with  
Rockwell in any way p o s s i b l e  to a l l e v i a t e  any f u t u r e  problems t h a t  our 
c u s to m ers  might  have with the  i n s u l a t o r .  Mr. R e c h s te i n e r  then scheduled 
a meet ing w i th  th e  v e n tu r e  manager,  Greg Rambo, on Wednesday, th e  2 5 t h  
o f  J u n e ,  1 9 8 0 ,  to  p r e s e n t  a proposal f o r  m o d i f i c a t i o n  of  th e  c a p a c i t o r  
i s o l a t o r s  which would p re v e n t  any f u r t h e r  c r a c k in g  and customer 
d i s s a t i s f a c t i o n  with  th e  p r o d u c t ,  hence Rockwell Power Line C a r r i e r  
Syste ms.  Mr. A rr i n g to n  suggested t h a t  I a t t e n d  t h a t  meeting which would 
a l s o  be a t t e n d e d  by Mr. Emil R e c h s t e i n e r ,  p r e s i d e n t  of  TDC C o rpora t ion;  
h i s  n a t i o n a l  m a rke ting  manager; Mr. Greg Rambo, Venture Manager f o r  UCS; 
and Mr. Mike McDermott, Product ion  Manager f o r  UCS. At th e  meeting on 
t h e  2 5 t h ,  Mr. R e c h s t e i n e r  p r e s en te d  an a l l - e p o x y  design  and s t a t e d  t h a t  
he would r e p l a c e ,  a t  no c o s t ,  any of  th e  i s o l a t o r s  which had cracked in 
th e  main body of  th e  i s o l a t o r .  He would n o t ,  however,  r e p l a c e  i s o l a t o r s  
which had c racked merely around the neck.  He p r e s en te d  an a l l - e p o x y  
d e s ig n  f o r  which he wanted a confirmed o rd e r  and a s s i s t a n c e  in 
p e rform ing  environmental  t e s t .  I communicated the  o f f e r  to Mr. R. A. 
A r r i n g t o n .  Mr. A r r in g to n  and the o t h e r  managers in the  UCS Venture 
d e ter m in ed  our b e s t  course  o f  a c t i o n  in the  given s i t u a t i o n  was to 
pursue  a l t e r n a t e  s u p p l i e r s  of  th e s e  d e v i c e s .
F ollowing  the  meet ing  in Green Bay with Mr. Emil R e c h s t e i n e r  of  TDC on 
th e  1 8 t h  o f  J u n e ,  I remained in Green Bay f o r  the  usual F r id a y  meet ing 
between WPSC Load Management personnel  and the Rockwell F i e l d  S e r v i c e  
group t o  d i s c u s s  th e  ongoing i n s t a l l a t i o n  and o p e r a t i o n  of  th e  Rockwell 
UCS Load Management System a t  WPSC.
At Anti go S u b s t a t i o n ,  t h e r e  i s  a p p a r e n t l y  a phenomenon vrfiich Rockwell 
has n o t  e n co u n te re d  p re v i o u s l y  with t h e i r  communication system. I t  
seems t h a t  an a r e a  o r  two which a r e  remote from the s u b s t a t i o n  have 
r a t h e r  low s ig n a l  l e v e l s  on one phase but  not  on the  o t h e r  two.  There 
have a ls o  been numerous ra d io  i n t e r f e r e n c e  com pla in ts  in t h a t  p a r t i c u l a r  
a r e a .  WPSC personnel  were hoping t h a t  Rockwell would be ab le  to f in d  
our communications problem and,  t h u s ,  f in d  t h e i r  ra d io  i n t e r f e r e n c e  
problem. We s u g g e s t e d ,  however,  t h a t  f in d i n g  ra dio  i n t e r f e r e n c e  might  
be e a s i e r  to do.
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Mr. John Arneth i n d i c a t e d  t h a t  WPSC had acquir ed  a rad io  i n t e r f e r e n c e  
f i n d e r  b u i l t  by Oak I n d u s t r i e s .  That  p a r t i c u l a r  i n t e r f e r e n c e  f i n d e r  i s  
t h e  end p r o d u c t  of  th e  p ro to ty p e  r e s e a r c h  vrfn'ch Dr. Will iam Beasley  of  
Texas A&M conducte d  dur ing my s e n i o r  y e a r  t h e r e  in 1 9 7 1 .  In f a c t ,  I 
b u i l t  16 p r o t o t y p e s  o f  t h a t  system f o r  the  funding u t i l i t i e s  around the  
s t a t e .  The o r i g i n a l  p ro to ty p e  device  was known as the  EEIEM d e t e c t o r .  
WPSC s a i d  th ey  had l i t t l e  e x p er ie n c e  with th e  u n i t  but  were p le as e d  with 
i t s  perform an ce thus  f a r  and would be very anxious to have someone 
a s s i s t  them who unders to od the  mechanism in vo lv e d .  I ,  t h e r e f o r e ,  
o f f e r e d  my s e r v i c e s  f o r  the  fo ll owing week to a s s i s t  Mr. Dale Mommaerts 
i n  a RFI s t u d y  o f  th e  Anti go/B ry ant  a r e a .  T h e r e f o r e ,  on the  2 6 t h  of  
J u n e ,  1 9 8 0 ,  I proceeded again to Green Bay, Wisconsin,  f o l lo w in g  the  
meet ing a t  P i t t s b u r g h  where I a s s i s t e d  Mr. Dale Mommaerts in an RFI 
s tu d y  o f  th e  Bry ant  a r e a  us ing the Oak I n d u s t r i e s  noise  d e t e c t o r .  Nine 
s i t e s  were worked with  th e  help of  l i n e  personnel  Bryant-Anti  go a r e a .  
Seven n o is e  source  were found and c o r r e c t e d .  Two were not  c o r r e c t e d  as 
th e y  c o u ld  not  be l o c a t e d  a c c u r a t e l y .
In summary t h e n ,  my prim ary o b j e c t i v e  remained the  fo ll ow up of  th e  WPSC 
D i s t r i b u t i o n  Automation P r o p o s a l .  Secondary o b j e c t i v e s  were to i n v e s t i ­
g a te  th e  epoxy c r a c k i n g  in the  c a p a c i t o r  i s o l a t o r  i n d u c t o r s  provid ed  by 
TDC C o r p o r a t i o n .  Another secondary f u n c t i o n  was to  a s s i s t  WPSC in  iden­
t i f y i n g  any r a d i o  noise  s ourc es  in the Antigo a re a  which could  perhaps 
i n t e r f e r e  w i th  ou r power l i n e  communications s i g n a l s .
S i n c e r e l y ,
Dr. B. Don Russell
Doctor o f  Engineering Internship for  the Month of June
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Dr. B. Don R usse l l  
D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering  
Texas A&M U n i v e r s i t y  
C ol le ge  S t a t i o n ,  Texas 77843
Reference:  Doctor  o f  Engineering  I n t e r n s h i p  Report  of  Tom J .  T a l l e y  f o r  
t h e  Month o f  J u l y ,  1980
Dear Dr. R u s s e l l :
P l e a s e  a c c e p t  t h i s  l e t t e r  as my r e p o r t  of  a c t i v i t i e s  f o r  the month of  
J u l y ,  1 9 8 0 ,  on my Doctor  of  Engineering  I n t e r n s h i p .
For th e  month o f  J u l y  my primary r e s p o n s i b i l i t y  remained t h a t  o f  f e e d e r  
a u t o m a t i o n .  During J u l y ,  however,  the  ra d io  switch mentioned in my May 
R epor t  was ta ken  to L i t t l e  Rock f o r  f u r t h e r  t e s t i n g  with Arkansas Power 
and L i g h t .
As a r e s u l t  o f  m eet ings  in P i t t s b u r g h  with Venture Manager, Greg Rambo, 
and in D a l l a s  with  Mr. R. A. A rr ingto n  i t  was determined t h a t  a new con­
t r a c t o r  should  be found f o r  provid ing  the  c a p a c i t o r  i s o l a t o r  i n d u c t o r s .  
In t h a t  l i g h t ,  a s p e c i f i c a t i o n  g e n era ted  by Rockwell R&D was mai led by 
me to two p o t e n t i a l  c o n t r a c t o r s .  One was Mr. Paul L e ig h tn e r  o f  L e i g h t -  
ne r  E l e c t r o n i c s  in McKinney. The o t h e r  was Mr. John Myers of  E l e c t r o ­
magnet ic I n d u s t r i e s ,  I n c . ,  a d i v i s i o n  of  Square D Company in C l e a r w a t e r ,  
F l o r i d a .  Mr. L e i g h t n e r  i n d i c a t e d  a w i l l i n g n e s s  to provid e  the i n d u c t o r s  
g iv en  t e s t i n g  a s s i s t a n c e  by Rockwell.  Mr. Myers of  E l ec t ro m a g n e t ic  
I n d u s t r i e s  i n d i c a t e d  t h a t  t h e i r  e n g in e e r in g  workload was such t h a t  they 
c o u ld  not  p ro v id e  the  in d u c t o r  as we d e s c r i b e d .  They did not  feel  i t  
would be wise f o r  them to a t te m p t  to r e to o l  to provide  t h a t  p ro d u ct  
ba sed on th e  t ime they e s t i m a t e d  i t  would r e q u i r e .  T h e r e f o r e ,  th ey  no 
b i d  th e  p r o d u c t .  These r e s u l t s  were r e p o r t e d  to Mr. A rr i n g to n  who 
r e p o r t e d  them to our Product ion  Manger, Mr. Mike McDermott, who assumed 
r e s p o n s i b i l i t y  f o r  communicating with o t h e r  p o t e n t i a l  m a n u f a c tu r e r s  of 
t h e  i s o l a t o r s .
I mig ht  add t h a t  dur ing  t h i s  per io d  I moved my household goods and fami­
l y  from Bryan to D a l l a s  using two days'  work, 7 t h  and 8 t h  of  J u l y .
During th e  week o f  J u l y  1 4 t h  through th e  1 8 t h ,  I a t t e n d e d  th e  Power En­
g i n e e r i n g  S o c i e t y  meet ing in M innea pol is ,  Minnesota.  I a s s i s t e d  Mr. Dan 
N o r d e l l ,  Programs Chairman,  by being a monitor  f o r  one s e s s i o n  each 
p e r i o d .  One s e s s i o n  chairman who I worked f o r  was Mr. Herb Kle in  of  
D.O.E. T h a t  r e l a t i o n s h i p  should prove f r u i t f u l  to Rockwell I n t e r n a ­
t i o n a l  s i n c e  Mr. Kle in  i s  A d m i n i s t r a t o r  of  Programs such as d i s t r i b u t i o n  
Automation Development and Power Line C a r r i e r  Communications System 
Development.  P o t e n t i a l  Rockwell custo m er,  Mr. Dan N o r d e l l ,  a l s o  a ppre ­
c i a t e d  my a s s i s t a n c e .  I a l s o  had a chance to v i s i t  with  one o f  our
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power l i n e  c a r r i e r  u s e r s ,  Mr. O r v i l l e  H i l l  of  P a c i f i c  Gas and E l e c t r i c .  
I d i s c u s s e d  some o f  th e  a s p e c t s  o f  applying power l i n e  c a r r i e r  to d i s ­
t r i b u t i o n  auto mation  with him. As he i s  no t  only f a m i l i a r  with  our 
power l i n e  c a r r i e r  system but d i s t r i b u t i o n  automation p r o p o s a ls  from 
o t h e r  m a n u f a c t u r e r s ,  i t  was of  g r e a t  a s s i s t a n c e  to me to hear  what he 
had to say .
The 2 1 s t  o f  J u l y ,  1 9 8 0 ,  I went with Mr. Dick Brown to L i t t l e  Rock, 
A r k a n s a s ,  h e a d q u a r t e r s  o f  Arkansas Power and L i g h t  to i n s t a l l  s ix  ra d io  
s w i tc h e s  f o r  t e s t .  These ra d io  c o n t ro l  swi tches  f i r s t  d e s c r i b e d  in my 
May R epor t  had been th oroughly  t e s t e d  as r e p o r t e d  in the  May R ep o r t .  On 
a r r i v a l ,  Mr. Brown and I plugged the  u n i t s  in and tuned them to the  
a p p r o p r i a t e  f r e q u e n c i e s  on AP&L's Load Management Radio System. One 
u n i t  f a i l e d  to o p e r a t e  p r o p e r ly  and the r e s t  o p e ra ted  as s p e c i f i e d .  We 
l e f t  t h e  u n i t s  in Arkansas Power and L i g h t ' s  c a r e  f o r  t h e i r  e v a l u a t i o n .  
We r e t u r n e d  th e  u n i t  which f a i l e d  to our D a l l a s  o f f i c e  and then to the  
m a n u f a c t u r e r  which had s u p p l ie d  i t  to us f o r  e v a l u a t i o n  o f  i t s  f a i l u r e  
mode. I t  was l a t e r  r e p o r t e d  t h a t  a c r y s t a l  had been loosened due to 
h a n d l i n g .  I t  had been r e s o l d e r e d  and the  u n i t  o p e ra te d  p r o p e r ly  and the  
u n i t  was r e t u r n e d  to Rockwell in D a l l a s .
On th e  3 0 t h  o f  J u l y ,  1 9 8 0 ,  Mr. R. A. A rr ington  and I a g ain  proceeded to 
Green Bay, W isconsin ,  to d i s c u s s  any q u e s t i o n s  the  D i s t r i b u t i o n  Manager 
had c o n ce rn in g  our D i s t r i b u t i o n  Automation P r o p o s a l .  I t  was f e l t  t h a t  
th e  proposal  had been in t h e i r  hands f o r  n e a r ly  45 days and t h a t  some 
a c t i o n  should  be fo r thcom ing.  Several q u e s t i o n s  were d is c u s s e d  and as a 
r e s u l t  o f  t h a t  meet ing  the  WPSC personnel  had a much c l e a r e r  u n d e r s ta n d ­
ing of  t h e  c a p a b i l i t i e s  o f  th e  proposed Feeder  Automation System.
This  ends my r e p o r t  o f  a c t i v i t i e s  f o r  the  month o f  J u l y  in th e  Doctor of  
E n g i n e e r in g  I n t e r n s h i p  a t  Rockwell I n t e r n a t i o n a l .
Dr. B. Don R ussell
Doctor o f  Engineering Internship Report for the Month of J u ly ,  1980
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S i n c e r e l y ,
Tom J .  T a l l e y
TJT:dt
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Dr. B. Don R usse l l  
D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering 
Texas A&M U n i v e r s i t y  
C ollege  S t a t i o n ,  Texas 77843
R eference:  Doctor o f  Engineering  I n t e r n s h i p  Report  of  Tom J .  T a l l e y  f o r  
t h e  Month of  August,  1980
Dear Dr. R u s s e l l :
P le a s e  a c c e p t  t h i s  l e t t e r  as my r e p o r t  of  a c t i v i t i e s  in the  Doctor of 
E n g i n e e r in g  I n t e r n s h i p  a t  Rockwell I n t e r n a t i o n a l  f o r  the  month of  
August ,  1 9 8 0 .
As b e f o r e ,  my primary r e s p o n s i b i l i t y  has been one of  developing a fe e d e r  
a u t o m a t i o n / d i s t r i b u t i o n  automation philosophy f o r  Rockwell I n t e r n a t i o n a l  
UCS. In t h a t  l i g h t ,  d u r in g  the  previous  month I had d is c u s s e d  with you 
and our n a t i o n a l  mark eting  manager a t  the  Power Engineering  S o c ie ty  
Meeting th e  n e c e s s i t y  o f  o b t a i n i n g  re s e a r c h  and development funds from 
people  l i k e  EPRI and DOE. Mr. A r r i n g t o n ,  Mr. Wittenburg and y o u r s e l f  
a gre ed  t h a t  was pro bably  th e  most re a s o n a b le  course to pursue s i n c e  EPRI 
was funded by th e  e l e c t r i c  u t i l i t y  i n d u s t r y  to do r e s e a r c h  o f  t h a t  
n a t u r e  and had done so in the  p a s t .  Mr. A rr ingto n  suggested  t h a t  he and 
I v i s i t  w ith  Dr.  B i l l  B l a i r ,  a C o n t ra c t  A d m i n i s t r a t o r  r e s p o n s i b l e  f o r  
d i s t r i b u t i o n  auto mation  and power l i n e  c a r r i e r  system e v a l u a t i o n  a t  
EPRI. Mr. A r r i n g to n  and o t h e r s  from Rockwell had p r e v i o u s l y  v i s i t e d  Dr. 
B l a i r  b u t  had n o t  pursued to any g r e a t  e x t e n t  o b t a i n i n g  funds from EPRI 
f o r  r e s e a r c h .  On the  6 t h  of  August, 1 9 8 0 ,  I a s s i s t e d  Mr. A r r in g to n  in 
p r e s e n t i n g  a s l i d e  p r e s e n t a t i o n  to Dr.  B l a i r  a t  EPRI i n d i c a t i n g  Rock­
w e l l ' s  communications c a p a b i l i t y  and e xp er ien c e  with power l i n e  c a r r i e r  
equip m ent.  Dr.  B l a i r  seemed f a i r l y  im pressed ,  and as a r e s u l t  o f  t h a t  
m eet ing i n c l u d e d  Rockwell in the  Request  f o r  Proposal L i s t  f o r  an upcom­
ing D i s t r i b u t i o n  Noise A n a ly s is  and Recording P r o p o s a l .  As a r e s u l t  of  
t h a t  meet ing Mr. A rr i n g to n  suggested  t h a t  I develop a c l e a r  o u t l i n e  of  
what Rockwell I n t e r n a t i o n a l ' s  D i s t r i b u t i o n  Automation System must be and 
i n s t r u c t e d  t h a t  I was to p r e s e n t  t h a t  o u t l i n e  a t  a meeting with  th e  Ven­
t u r e  Management a t  D a l l a s  on the 14 th  of  August, 19 8 0 .  Based on t h a t  
i n s t r u c t i o n ,  I proceed ed to c o n fe r  with th e  s t a f f  a t  E l e c t r i c  Power 
I n s t i t u t e  a t  Texas A&M U n i v e r s i t y  to gain a f u l l  unde rs tan d in g  of  th e  
i m p l i c a t i o n  o f  f e e d e r  automation  systems as they apply  to d i s t r i b u t i o n  
a u t o m a t i o n .  A summary r e p o r t  was ge nera te d  o u t l i n i n g  th e  f u n c t i o n s  
r e q u i r e d  to perform p r e s e n t ,  near  term and long term fe e d e r  automation  
f u n c t i o n s .  The s o f t w a r e ,  hardware and i n t e r f a c e  req u ire m e n ts  were a l s o  
d i s c u s s e d .  I g e n e r a t e d  an o u t l i n e  f o r  the  p r e s e n t a t i o n  on the  1 4 th  and 
th e  D i r e c t o r  of  th e  E l e c t r i c  Power I n s t i t u t e ,  Dr. B. Don R u s s e l l ,  g e n e r ­
a te d  some v e r b i a g e  which d e s c r i b e d  in a l i t t l e  more d e t a i l  the  f u n c t i o n s  
which were in c lu d e d  in the  o u t l i n e .  As a r e s u l t  o f  my p r e s e n t a t i o n  of  
d i s t r i b u t i o n  automation  system plan on the  14 th  of  August,  1 9 8 0 ,  Venture
September 1 9 ,  1980
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Management r e q u i r e d  of  the  D i r e c t o r  of  Marketing and the  D i r e c t o r  of  
Research and Development t h a t  they make a p r e s e n t a t i o n  on th e  22nd of  
September which would in c lu d e  an e s t i m a t e  of  the  e f f o r t  r e q u i r e d  to 
accomplish  t h e  proposed plan and c o s t  o f  t h a t  e f f o r t  as  well as  r e ­
s o u r c e s  a v a i l a b l e  and which must be r e q u i r e d  to accomplish those  g o a l s .  
The M arket ing D i r e c t o r  was a ls o  re quested  to provide  an e s t i m a t e  of  th e  
s a l e s  o r  d e t r i m e n t  o f  s a l e s  i f  the  d i s t r i b u t i o n  automation f u n c t i o n s  
were n o t  p r o v i d e d .  A r e a s o n a b l e  time frame f o r  implementation  of  d i s ­
t r i b u t i o n  au to m ation  systems was a l s o  r e q u e s t e d .
I t  was d e ter m in e d  by th e  National  Marketing Manager, Research and Devel­
opment D i r e c t o r ,  and the Venture Manager t h a t  one of  th e  b e s t  ways to 
reach  an u n d e r s t a n d i n g  of  how th e  u t i l i t y  i n d u s t r y  views d i s t r i b u t i o n  
au to m ation  would be to g a t h e r  knowledgeable u t i l i t y  r e p r e s e n t a t i v e s  from 
a c r o s s  th e  c o u n t r y  in  a seminar type m eet ing .  In an open forum, r e p r e ­
s e n t a t i v e s  would be a b le  to determine:
a .  Whether o r  not  d i s t r i b u t i o n  automation as viewed by Rockwell 
I n t e r n a t i o n a l  was n e c e s sa ry  and s u f f i c i e n t .
b .  Whether o r  nor the implementation of  th e  proposed plan of  
Rockwell I n t e r n a t i o n a l  would prec lu de  implementation of  any 
f u t u r e  d e s i r e d  d i s t r i b u t i o n  automation f u n c t i o n s  as seen by 
t h e  i n d u s t r y  r e p r e s e n t a t i v e s .
I t  was f e l t  by a l l  members p r e s e n t  t h a t  an independent  a g en t  would prob­
a b ly  be b e s t  to  moderate th e  program and an a t te m p t  by Rockwell to con­
t r o l  th e  program would b i a s  th e  r e s u l t s  and not  g iv e  meaningful informa­
t i o n  as a r e s u l t .  The D i r e c t o r  of  E l e c t r i c  Power I n s t i t u t e ,  Dr. B. Don 
R u s s e l l ,  was c o n t a c t e d  and r e q u e s te d  to a s s i s t  Rockwell in t h i s  endea­
v o r .  An o u t l i n e  o f  th e  meeting was g enerate d  on the  2 6 t h  of  August,  
19 8 0 ,  by Dr.  R u s s e l l ,  Mr. A rr ingto n  and Tom T a l l e y .  The meeting was to 
be c a r r i e d  on in a d i s c u s s i o n  seminar s t y l e  so t h a t  a t  the  c l o s e  of  th e  
meet ing  th o s e  i n d i v i d u a l s  p r e s e n t  would a l l  feel  t h a t  they had con­
t r i b u t e d  to Rockwell I n t e r n a t i o n a l ' s  p o l i c y  and plan of  d i s t r i b u t i o n  
a u to m ation  equipment im plem enta t ion .  The meeting was t e n t a t i v e l y  
s c h e d u le d  to be conducted on September 2nd and 3 r d  a t  Rockwell I n t e r n a ­
t i o n a l ' s  D a l l a s  P r e s e n t a t i o n  C en ter .  The l i s t  o f  th ose  i n d i v i d u a l s  
i n v i t e d  from a c r o s s  th e  co u n try  a t  the  meeting i t i n e r a r y  i s  a t t a c h e d .
I f e l t  t h a t  I had accomplished a major o b j e c t i v e  of  mine which was to 
i n c r e a s e  Rockwell I n t e r n a t i o n a l ' s  in p u t  from the u t i l i t y  i n d u s t r y  con­
c e r n in g  t h e i r  d i s t r i b u t i o n  automation systems.  I t  was, and s t i l l  i s ,  my 
f e e l i n g  t h a t  Rockwell I n t e r n a t i o n a l  i s  not  as c l o s e l y  in touch with th e  
i n d u s t r y  as th e y  might  b e l i e v e .  In an e f f o r t  to c o r r e c t  t h a t  p e rc e ive d  
d e f i c i e n c y ,  I f e l t  t h a t  any u t i l i t y  i n t e r a c t i o n  with Rockwell would be 
o f  g r e a t  b e n e f i t  in p la nning and implementing systems f o r  s a l e  to t h a t
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i n d u s t r y .  I t  i s  a Rockwell p o l ic y  a t  t h i s  p o i n t  to a t te m p t  to make ven­
t u r e s  p r o f i t m a k i n g  as q u ic k ly  as p o s s i b l e .  That  i s ,  i t  i s  a tendency of  
management to want  immature pro ducts  sold  f o r  r e t u r n  on in v e s tm e n t  so 
t h a t  f u t u r e  development in those  produc ts  can be paid f o r  by those  vino 
buy t h e  f i r s t  g e n e r a t i o n s .  I fe e l  t h a t  Rockwell does not  f u l l y  under­
s ta n d  th e  u t i l i t y  i n d u s t r y  philosophy of  pu rc h a s in g .  I have made every 
a t t e m p t  to  communicate the  i n h e r e n t  co n serv a t is m  of th e  i n d u s t r y  to 
Rockwell management but  seem to be unable to do so.  I ,  t h e r e f o r e ,  fee l  
t h a t  s i n c e  I am unable  to communicate t h a t  c onse rva t ism  to management, 
t h a t  I must  p l a c e  management in the p o s i t i o n  of  having to l i s t e n  to t h a t  
c o n s e r v a t i v e  view ex p ress ed  by u t i l i t y  r e p r e s e n t a t i v e s  t h e m s e lv e s .  
T h e r e f o r e ,  I was a b le  to g e t  management's agreement t h a t  i t  was ne ce s ­
s a r y  to have a meet ing of  th e  kind being held next  month so they  could 
s o r t  o u t  t h e  re a l  u t i l i t y  philosophy f o r  th em selv es .
In summary, t h e n ,  my August a c t i v i t i e s  in c lu d e  a s s i s t i n g  in a p r e s e n t a ­
t i o n  a t  EPRI on d i s t r i b u t i o n  automation and Rockwell ' s  c a p a b i l i t y  in 
power l i n e  c a r r i e r  communications systems.  P r e s e n t a t i o n  of  d i s t r i b u t i o n  
autom at ion  im ple m enta tion  requir em ents  to Rockwell UCS management. As a 
r e s u l t  o f  t h a t  p r e s e n t a t i o n ,  Rockwell management i n s t r u c t e d  me to con­
d u c t  a meet in g  of  u t i l i t y  r e p r e s e n t a t i v e  to g e t  t h e i r  views on d i s t r i b u ­
t i o n  au tom a t ion  and r e t u r n  with a plan o f  implementing the d i s t r i b u t i o n  
a u to m ation  system f o r  Rockwell by the  22nd of September.
S i n c e r e l y ,
Tom J .  T a l l e y
Attachments
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D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering 
Texas A&M U n i v e r s i t y  
College  S t a t i o n ,  Texas 77843
Reference:  Doctor of  Engineering I n t e r n s h i p  Report  of  Tom J .  T a l l e y  f o r  
t h e  Month of  September, 1980
Dear Dr. R u s s e l l :
P le a s e  a c c e p t  t h i s  l e t t e r  as my Doctor of  Engineer ing  I n t e r n s h i p  Report  
f o r  th e  month o f  August ,  1980 a t  Rockwell In te rn a t io n a l -U C S ,  D a l l a s .
The month began with  th e  assembly of  severa l  u t i l i t y  r e p r e s e n t a t i v e s  
from a c r o s s  t h e  c o u n t r y  to d is c u s s  fe e d e r  automation a t  Rock well 's  
D a l l a s  f a c i l i t y .  I c o o r d i n a t e d  the  arrangements and commitment f o r  p a r­
t i c i p a t i o n  o f  th e  v a r i o u s  u t i l i t i e s  and i n d i v i d u a l s  concern ed.  In con­
j u n c t i o n  Mr. R. A. A r r in g to n  and C o n s u l t a n t ,  Dr. B. Don R u s s e l l ,  a pro­
gram f o r  p r e s e n t a t i o n  and a c t i v i t i e s  was prepared which would a chie ve  
the  o b j e c t i v e  o f  th e  program.
Nin eteen  u t i l i t y  and UCS r e p r e s e n t a t i v e s  to the program p a r t i c i p a t e d  in 
a two-day meet ing which covered p r i m a r i l y  th e  f u n c t io n s  o f  f e e d e r  
autom a t ion  and how th o s e  f u n c t i o n s  should be implemented from th e  
u t i l i t y  p o i n t  o f  view. As might  be ex p ec te d ,  f u n c t i o n s  f e l l  along 
r e a s o n a b l e  l i n e s ,  b u t  th e  method of  implementation  was d i f f e r e n t  
depending on th e  u t i l i t y  in v o lv e d .  From t h a t  we determ in ed ,  a f t e r  some 
le n g t h y  d i s c u s s i o n s ,  t h a t  a modular concept  was an im portant  p a r t  of  any 
s u c c e s s f u l  f e e d e r  automation system. That  i s ,  each of  th e  modules 
s e p a r a t e l y  can perform v a lu ab le  fu n c t io n s  f o r  the u t i l i t i e s  and t h a t  
each module i s  as  in de pende nt  from every o t h e r  modules as p o s s i b l e  so 
t h a t  th e  system when assembled can be assembled with any number of  
modules and f u n c t i o n s  to  s a t i s f y  a p a r t i c u l a r  u t i l i t y ' s  needs bu t  can 
a l s o  be i n t e g r a t e d  to fonm a com ple te ly  i n t e g r a t e d  system s erv ing  a l l  
f u n c t i o n s  re c o g n iz e d  by th e  u t i l i t i e s .
During th e  month o f  September I a l s o  prepared a d e t a i l e d  r e p o r t  on the  
a c t i v i t i e s  which were accomplished by me in June  of  t h i s  y e a r .  The r e ­
p o r t  o u t l i n e d  th e  d i f f i c u l t i e s  involved in t r a c k i n g  RFI s o u r c e s  and in 
a s s e r t i n g  t h a t  th o s e  s ourc es  may in f a c t  have any impact on power l i n e  
c a r r i e r  s y s te m s .  I s u g g es ted  in the RFI r e p o r t  to Wisconsin P u b l i c  
S e r v i c e  C o r p o r a t i o n  t h a t  upgrading 7200  v o l t  d i s t r i b u t i o n  systems 25 KV 
c l a s s  i n v o lv e d  more than simply buying 25  KV i n s u l a t o r s .  That  o t h e r  
u t i l i t i e s  had e x p er ien c e d  RFI problems unless  th e  hardware on the  pole  
was m e c h a n i c a l l y  loaded  by s p r in g  clamps and the l i k e .  My e x p e r i e n c e  a t  
Texas E l e c t r i c  S e r v i c e  Company le d  me to b e l i e v e  t h a t  t h i s  i s  t r u e ,  and 
re a d in g  p e r i o d i c a l s  o f  th e  i n d u s t r y  confi rm s t h a t  b e l i e f .  I made sug­
g e s t i o n s  and recommendations to WPSC t h a t  they a t  l e a s t  in v o lv e  them­
s e l v e s  in  an RFI m in im i z a t io n  program in the are a  of  Antigo S u b s t a t i o n
53
Dr. B. Don R u ss e l l
Doctor o f  E n g i n e e r in g  I n t e r n s h i p  Report  of  Tom J .  T a l ley  
f o r  t h e  Month o f  September,  1980 
Page 2
S u b s t a t i o n  in which we i n v e s t i g a t e d .  D e s c r ip t io n  o f  t h a t  i n v e s t i g a t i o n  
i s  c o n t a i n e d  in my l e t t e r  o f  June  1980.
As mentioned in my l e t t e r  of  August 1980 ,  Mr. R. A. A rr ingto n  and I went  
t o  EPRI August  6 t h .  We d is c u s s ed  b r i e f l y  with Dr. B il l  B l a i r  th e  
p o s s i b i l i t y  o f  Rockwell I n t e r n a t i o n a l  becoming involved in EPRI power 
l i n e  com m unic ati ons .  Dr.  B l a i r ,  as  a r e s u l t  of  t h a t  m eet ing ,  forwarded 
a r e q u e s t  f o r  proposal  to Rockwell I n t e r n a t i o n a l .  The proposal  d e a l t  
p r i m a r i l y  w i th  i d e n t i f y i n g  noise sourc es  on d i s t r i b u t i o n  l i n e s ,  
c a t e g o r i z i n g  th e  n o i s e s ,  de term in in g  th e  source  and making 
recommendations f o r  r e d u c t i o n  of  n o is e s  on the d i s t r i b u t i o n  l i n e s .  Dr. 
B l a i r ' s  view o f  th e  proposed p r o j e c t  was t h a t  i t  would be a one to two 
y e a r  p r o j e c t  minimum, perhaps  budgeted on the o rd e r  of  a h a l f  m i l l i o n  
d o l l a r s .  Mr. A r r i n g t o n  and I p repared  a p r e s e n t a t i o n  which I mentioned 
th e  1 4 th  o f  August which o u t l i n e d  the  n e c e s s i t y  of  having an ongoing 
r e l a t i o n s h i p  w i th  t h e  E l e c t r i c  Power Research I n s t i t u t e .  The r e q u e s t  
f o r  proposal  r e q u i r e d  a response from Rockwell I n t e r n a t i o n a l  on October 
3 0 ,  1 9 8 0 .  Mr. A r r i n g to n  and I both  made s trong p l e a s  to the  s e n i o r  
management o f  th e  o r g a n i z a t i o n  but  were unsucc essfu l  in our a t te m p ts  to 
c o n v in ce  th e  s e n i o r  marketing and s e n i o r  ve n tu re  management t h a t  an 
ongoing r e l a t i o n s h i p  with EPRI would be of  b e n e f i t  to the  v e n t u r e .  As a 
r e s u l t  on September 3 0 ,  we informed Dr.  B l a i r  t h a t  we would be unable to 
b id  on th e  n o i s e  s tu dy  r e q u e s t  of  p r o p o s a l .
In a d d i t i o n  to the  above l i s t  of  a c t i v i t i e s ,  work c o n t in u e s  on the a n a l ­
y s i s  o f  f a i l u r e s  o f  th e  ra d io  s w i tc h ,  and the c a p a c i t o r  i s o l a t o r  
i n d u c t o r .
I have a t t a c h e d  a l i s t  o f  a t t e n d e e s  of  th e  Feeder Automation Conference 
on September 2 and 3 a s  well as a summary of  th e  meeting n o t e s .
In summary, my a c t i v i t i e s  f o r  the month of  September have in c lu ded  con­
d u c t in g  of  a f e e d e r  automation confe renc e  inc luding  arrangements f o r  the  
i n d i v i d u a l s  a t t e n d i n g  the  c o n f e r e n c e ,  r e c r u i t i n g  a t t e n d e e s ,  p la nnin g  the  
program f o r  the  c o n f e r e n c e ,  and a s s i s t i n g  in the execut ion  of  th e  pro ­
gram. Severa l  m e et in g s  with ve n tu re  s t a f f  occurred  during September,  
dur in g  which R. A. A rr i n g to n  and I a t tem pted  to persuade v e n tu r e  s t a f f  
t h a t  a c t i v i t i e s  in v o l v i n g  EPRI would be worthwhile f o r  the  v e n t u r e .  
These a c t i v i t i e s  were u n s u c c e s s f u l .
I p r e p a r e d  a RFI r e p o r t  f o r  Wisconsin Publi c  S e r v ic e  C o r p o r a t i o n .  I 
b r i e f e d  a new m a rk e t in g  in d iv id u a l  on power l i n e  c a r r i e r  systems and 
some of  th e  t e c h n i c a l  a s p e c t s  involved in t h a t  s c i e n c e .
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I hope t h a t  you f i n d  t h i s  l e t t e r  s u i t a b l e  as my Doctor o f  En gineering  
I n t e r n s h i p  R epor t  f o r  the  month of  September 1980 .
S i n c e r e l y ,
Tom J .  T a l l e y
TJT:dt
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Department o f  E l e c t r i c a l  Engineer ing 
Texas A&M U n i v e r s i t y  
College  S t a t i o n ,  Texas 77843
Reference:  Doc tor o f  Engineering  I n t e r n s h i p  Report o f  Tom J .  T a l l e y  f o r  
t h e  Month o f  O c to b e r ,  1980
Dear Dr. R u s s e l l :
P le a se  a c c e p t  t h i s  l e t t e r  as my Doctor of  Engineer ing  I n t e r n s h i p  Report  
f o r  the  month o f  October 19 80 .
A c t i v i t i e s  d u r in g  October broke in to  t h r e e  primary a r e a s .
Area 1 was an i n v e s t i g a t i o n  of  th e  e f f e c t s  of  c a p a c i t o r  i s o l a t o r  
in d u c t a n c e  r e s o n a t i n g  on power l i n e  c a r r i e r  system. Area 2 was a 
c o n t i n u a t i o n  o f  f e e d e r  automation plans  as developed a t  the  meeting of  
September 2 and 3 and over the  period  preceding  t h a t  by Rockwell 
I n t e r n a t i o n a l  . Area 3 in volv e d  a t h r e e  day p r o j e c t  management seminar 
con ducted  by American Management A ss o c ia t io n  to vrfiich I was s e n t  by the  
company.
I n d u c t a n c t  Resosnance: Since  the  power l i n e  may be viewed as a 
t r a n s m i s s i o n  l i n e  f o r  a l l  p r a c t i c a l  purpos e s ,  the  e f f e c t s  of  any d e v ic e  
connecte d  to  th e  t r a n s m i s s i o n  l i n e  should be i n v e s t i g a t e d  from the  
s t a n d p o i n t  o f  s t a n d i n g  wave e f f e c t s  and the l i k e .  For a per io d  of  weeks 
i t  had been wondered what the  e f f e c t s  would be of  r e s o n a t i n g  c a p a c i t o r  
i s o l a t o r  i n d u c t o r s  which a r e  used to in c re a s e  the impedance to ground of 
th e  power l i n e  c a r r i e r  s i g n a l .  A f te r  some d i s c u s s i o n s  among th e  R&D 
p e r s o n n e l ,  i t  was decid ed  t h a t  t h e r e  would be severa l  b e n e f i t s  to 
r e s o n a t i n g  th e  i s o l a t o r s .  These b e n e f i t s  would include:
A. I n c r e a s i n g  by f a c t o r  of  Q t h e  impedance of  th e  in d u c t o r  a t  the  
c a r r i e r  f r e q u e n c y .
B. T h a t  t h e  impedance to ground a t  a c a p a c i t o r  bank would no 
l o n g e r  be r e a c t i v e  but  would appear r e s i s t i v e  a t  a va lue  o f  X, 
t h e  r e a c t a n c e  of  th e  i n d u c to r  previous  to r e s o n a t i n g ,  t im es  Q 
( t h e  q u a l i t y  of  th e  c i r c u i t ) .  The Q was measured in the  lab 
beyond th e  o r d e r  o f  7,  t h e r e f o r e ,  th e  impedance to ground of 
t h e  s ig n a l  would be r a i s e d  by 7 t imes i t s  c u r r e n t  v a l u e .
C. The e x i s t i n g  value  of  th e  i n d u c to r  reduces an impedance to 
ground a t  5180 Hz of  approximate ly  52 ohms. Q e q u a l i n g  7 would 
produce  an impedance to ground a t  c a p a c i t o r  banks of  7 t i m e s  
t h e  p r e v io u s  impedance o r  approximately 350 ohms.
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D. T his  v a lu e  o f  350 ohms more n e a r ly  matches th e  c h a r a c t e r i s t i c  
impedance o f  th e  d i s t r i b u t i o n  l i n e  as viewed as a t r a n s m i s s i o n  
l i n e  in a c l a s s i c a l  s e n s e .  Transmission l i n e  thus  being duly 
matched by i t s  c h a r a c t e r i s t i c  impedance would be f l a t t e r  from a 
s t a n d i n g  p o i n t  of  view thus  reducing the p r o b a b i l i t y  o f  t h e r e  
b e i n g  a r e a s  o f  s ignal  n u l l s .  For th ese  and o t h e r  re a so n s  i t  
was d e c id e d  t h a t  a c o n t i n u a t i o n  of  the  e f f o r t  to re s o n a t e  
c a p a c i t o r  i s o l a t o r s  would be n e c e s s a ry .  All t h i s  work was done 
i n  c l o s e  c o n j u n c t i o n  with Mr. W. C. P e r k i n s ,  a 25 y e a r  C o l l i n s  
Radio Communications e x p e r t .  There was a four day i n t e n s i v e  
p e r i o d  of  b r a i n  storming followed by a p p l i c a t i o n  c r i t i q u e  which 
l e d  to a p r o to t y p e  s p e c i f i c a t i o n  f o r  re s o n a t i n g  c a p a c i t o r  
i s o l a t o r  i n d u c t o r s  while  p r o t e c t i n g  the  c a p a c i t o r s  from 
t r a n s i e n t s .
This  was one o f  s e v e ra l  occasio ns  in my c a r e e r  a t  v a r io u s  companies 
where I have  observed  the  team concept  o f  s o lv in g  problems as taken in 
EG 105 and 106 and i s  th e  most e f f e c t i v e .  There seems to be g e n e r a te d  
some synergism when a p o s i t i v e  a t t i t u d e  i s  taken by h ig h ly  s k i l l e d  t e c h ­
nical  pe rs onnel  toward the  s o l u t i o n  of  a problem. O b stac le s  a r e  met 
with  u n d e r s t a n d i n g  and not  f r u s t r a t i o n  and surmounted with the  a p p l i c a ­
t i o n  o f  e x p e r t i s e  and ex p e r ien c e  with a r a p i d i t y  which can h a rd ly  be 
d e s c r i b e d .  I h e a r t i l y  endorse t h i s  type problem solv in g  a c t i v i t y .
Feeder Automation A c t i v i t y : Rockwell I n t e r n a t i o n a l  was r e q u e s te d  to 
respond to a r e q u e s t  f o r  proposal from Duke Power Company. The r e q u e s t  
in c lu d e d  s e v e r a l  pa ra g rap h s  of  comments on fe e d er  automation a c t i v i t i e s  
a t  Rockwell I n t e r n a t i o n a l .  I was reques ted  to d r a f t  th e se  pa ra graphs  
which I d i d  ( c o p i e s  a t t a c h e d ) .  I d e s c r ib e d  in t h i s  d r a f t  c o n cep ts  which 
Rockwell I n t e r n a t i o n a l  had developed as a r e s u l t  of  th e  Feeder Automa­
t i o n  C onfe re nce  o f  September 19 80 .  The concepts  inclu ded  modular system 
a p p l i c a t i o n ,  o v e r a l l  system i n t e g r a b i l i t y ,  maximum system f l e x i b i l i t y  
and a p p l i c a t i o n ,  as  well as communications r e l i a b i l i t y .
P r o j e c t  Management Seminar: Rockwell I n t e r n a t i o n a l  s e n t  me and s ix  
o t h e r  e n g i n e e r s  to  a p r o j e c t  management seminar conducted by American 
Management A s s o c i a t e s .  The management seminar was aimed a t  th e  e f f e c ­
t i v e  management o f  e n g i n e e r i n g  p r o j e c t s .
In summary, my October a c t i v i t i e s  in c lu ded i n t e n s i v e  t e c h n i c a l  r e s e a r c h  
and developm ent a c t i v i t y  on c a p a c i t o r  i s o l a t o r  i n d u c to r  r e s o n a t i n g ,  a 
c o n t i n u i n g  f e e d e r  automation a c t i v i t y  which inclu ded p re p a r in g  a d r a f t  
f o r  res p o n se  to Duke Power's  RFP. A t h r e e  day p r o j e c t  management semi­
nar was a l s o  a t t e n d e d .
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I hope t h a t  t h i s  l e t t e r  i s  s u i t a b l e  f o r  my October Doctor of  E ngineering  
P r o j e c t  R e p o r t  1 9 8 0 .
S i n c e r e l y ,
Tom J .  T a l l e y
TJT:dt
Attachment
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Reference: Doctor of  En gineering  I n t e r n s h i p  Report of Tom J .  T a l l e y  f o r  
t h e  Month o f  November, 1980
Dear Dr. R u s s e l l :
Ple a se  a c c e p t  t h i s  l e t t e r  as my Doctor of  Engineer ing  I n t e r n s h i p  Report  
f o r  th e  month o f  November 1980 .
The month o f  November was almost  e n t i r e l y  taken up with the  a n a l y s i s  of 
m a t e r i a l s  problems on the  c a p a c i t o r  i s o l a t o r  i n d u c t o r .  C a p a c i t o r  
I s o l a t o r  I n d u c t o r  i s  an i n t e g r a l  p a r t  of  the  power l i n e  communications 
system on which I work.  I t  i s  d is cu s s ed  in my June  l e t t e r  of 19 80 ,  our 
c u r r e n t  s u p p l i e r  o f  c a p a c i t o r  i s o l a t o r s  was having a m a t e r i a l s  problem 
which c o u ld  n o t  be overcome e a s i l y .  The environmental t e s t  r e p o r t  which 
was a t t a c h e d  e a r l i e r  d e t a i l e d  the mode of  t h a t  f a i l u r e .  During the  
i n t e r v e n i n g  p e r i o d  from J u l y  to November I had been working with Mr. 
Paul L e i g h t n e r ,  P r e s i d e n t  o f  L e ig h tn e r  E l e c t r o n i c s ,  McKinney, Texas,  to 
develop t h e  new i n d u c t o r  which would serve  as a c a p a c i t o r  i s o l a t o r .  Mr. 
L e i g h t n e r  had a c e r t a i n  amount of  e x p er ien ce  in the  area  of high v o l t a g e  
power s u p p l i e s  and epoxy c a s t i n g .  These de v ice s  were to w i th s ta n d  v a r ­
ious  e nvir onm enta l  c o n s t r a i n t s .  Based on h is  exp e r ie n c e  we i n s t r u c t e d  
him to b u i l d  a p ro t o t y p e  to meet our s p e c i f i c a t i o n s .  I then  wrote a 
t e s t  s p e c i f i c a t i o n  f o r  environmental t e s t i n g  and s e l e c t i o n  proc e ss  which 
in c lu d e d  m o d i f i c a t i o n s  of  ANSI Standards  and M i l i t a r y  Sampling S ta n d a rd s  
to  accommodate our r e q u i r e m e n t s .  I then  s upervised  the accomplishment 
o f  th e  e nvironm e nta l  t e s t  during which i t  was proved beyond a shadow of 
doubt  t h a t  our  p re v io u s  s u p p l i e r  had a m a t e r i a l s  problem a t  a s i g n i f i ­
c a n t  s t a t i s t i c a l  l e v e l  and t h a t  the in d u c to rs  f u r n is h e d  by Mr. L e ig h tn e r  
under my s u p e r v i s i o n  were b o r d e r l i n e  of  having a m a t e r i a l s  problem. Two 
i n d u c t o r s  were produced by L e ig h tn e r  E l e c t r o n i c s ,  one of  which passed 
the  envir onm enta l  c y c l i n g  t e s t  d e sc r ib e d  in the memorandum a t t a c h e d ,  th e  
o t h e r  which d id  n o t .  The one which did pass was used as a guide to 
b u i l d  f o u r  o t h e r  d e v i c e s .  Arrangements were made with McGraw Edison 
High V o l ta g e  T e s t  L a b o r a t o r i e s  to t e s t  these  devices  in December 1 9 80 .  
T h e r e f o r e ,  an e l e c t r i c a l  s p e c i f i c a t i o n  and t e s t  plan were w r i t t e n  by me 
p r i o r  to t h a t  p e r i o d .  In a d d i t i o n  I wrote an environmental  r e p o r t  on 
the perform ance  o f  th e  TDC i s o l a t o r s ,  a copy of  which i s  a t t a c h e d .
In summary, my month was almost  e n t i r e l y  consumed by a c t i v i t i e s  r e l a t i n g  
to the  c a p a c i t o r  i s o l a t o r  i n d u c t o r s  and the m a t e r i a l s  problems.
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I hope you f i n d  t h i s  l e t t e r  a c c e p tab le  as my r e p o r t  of  a c t i v i t i e s  f o r  my 
Doctor o f  E n g i n e e r in g  I n t e r n s h i p  f o r  the period of November 19 80 .
TJT:dt
Attachm ents
/
60
Dr. B. Don R u ss e l l  
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Department o f  E l e c t r i c a l  Engineering 
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Reference: Doc tor o f  Engineering I n t e r n s h i p  Report  of  Tom J .  T a l l e y  f o r  
t h e  Month of  December, 1980
Dear Dr. R u s s e l l :
I hope you f i n d  t h i s  l e t t e r  a c c e p ta b le  as my Doctor of  Engineering  
I n t e r n s h i p  R ep o r t  f o r  the  month o f  December 1980.
The f o u r  p r o t o t y p e  i n d u c t o r s  mentioned in my November 1980 monthly 
r e p o r t  were ta ken  to McGraw Edison T e s t  L a b o r a t o r i e s  in F r a n k s v i l l e ,  
W isconsin ,  and t e s t e d  by the  t e s t  plan a t t a c h e d .  The in d u c t o r  passed 
the  I^T T e s t  w i th  f l y i n g  c o l o r s .  The epoxy tended to hold the induc­
t o r  t o g e t h e r  d u r in g  p e r i o d s  of  high c u r r e n t s  so t h a t  the in d u c t o r  was 
very s t r o n g  compared to an oil  emersed d e v i c e .  The I^T achieved by 
th e  d e v ic e  was on th e  o r d e r  of  27x10^ Amp2 s econds .  The t u r n  to 
t u r n  t e s t  a s  d e s c r i b e d  in the IEEE Terminology and T e s t  Requirements f o r  
Neutral  Grounding Devices was conducted as shown in the t e s t  p ro c e d u r e ,  
C i r c u i t  No. 1 and No. 2 .  In each c a s e ,  th e  sample f a i l e d  a f t e r  some 100 
to  200 c a p a c i t o r  d i s c h a r g e s  i n to  the i n d u c t o r .  These f a i l u r e s  were on 
th e  o r d e r  o f  40 k i l o v o l t s .  As the  r e s u l t  o f  th e se  e l e c t r i c a l  f a i l u r e s ,  
i t  was d e c id e d  t h a t  a more c a r e f u l  design process  had to be i n s t i t u t e d  
over which R&D had a g r e a t  deal of c o n t r o l .  N e i th er  Mr. L e ig h tn e r  nor 
anyone e l s e  whom we c o n t a c t e d  had exper ience  d eal in g  with epoxy c a s t i n g s  
a t  th e  v o l t a g e  t e s t  l e v e l s  t h a t  we were a tt em p t in g  to match.  R. A. 
A rr i n g to n  and I began an i n t e n s i v e  survey of  m a te r ia l  s u p p l i e r s  as  well 
as b r i n g i n g  on board mechanical s t r e s s  a n a l y s i s  e x p e r t  from C o l l i n s  
Radio.  The mechanical  s t r e s s  a n a l y s i s  was performed to i n d i c a t e  whether 
o r  not  th e  epoxy s e l e c t e d  f o r  the  f in a l  process  would be s u f f i c i e n t l y  
s t r o n g  to w i t h s t a n d  the d i f f e r e n c e s  in c o e f f i c i e n t  of  expansion of  th e  
i ro n  i n d u c t o r  c o r e  and the  f i b e r g l a s s  epoxy c o a t in g  surrounding t h a t  
c o r e .
In a d d i t i o n ,  December marks the  month of  the  beginning of  p r e p a r a t i o n  of  
the  S t r a t e g i c  B usin e s s  Plan f o r  the v e n t u r e .  I was i n v i t e d  to c o o p e r a te  
c l o s e l y  w ith  th e  D i r e c t o r  of  Research and Development in p r e p a r a t i o n  of  
h i s  S t r e t e g i c  B u sin e s s  P l a n .  A copy of  t h i s  S t r a t e g i c  Business Plan f o r  
1982 th r o u g h  1986 i s  a t t a c h e d .  My p a r t i c i p a t i o n  included the  d e term in a ­
t i o n  o f  c r i t i c a l  i tems  in the re s e a r c h  and development a c t i v i t y  vrfiich 
should be a c c o m p lis h e d .  I a s s e s s e d  the  time frame in vrfiich t h e s e  i tems 
might  be a c c o m p l is h e d ,  wrote the e x p la n a t io n  of th e se  i te m s ,  and p re ­
sented p r e l i m i n a r y  views o f  th e  S t r a t e g i c  Business Plan to the  Venture  
D i r e c t o r  o f  E n g i n e e r i n g ,  Mr. J .  W. Smart; and with Mr. Smart and Mr. 
A rr ington  reviewed the  SBP w i th  the  f i n a n c i a l  group a f t e r  c o s t s  had been 
a ss ig n e d  to each SBP i t e m .
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The m a t e r i a l s  a n a l y s i s  i n d i c a t e d  t h a t  p r e s s u r e s  in the  epoxy dur ing h o t /  
c old  t r a n s i t i o n s  might  be as high as 3 , 0 0 0  PSI.  The epoxy f i n a l l y  
chosen f o r  use in the  i n d u c t o r  was Emerson-Cumings product  S t y c a s t  2850  
FP Blue which had a t e n s i l e  s t r e n g t h  on the o rd e r  of  8 , 0 0 0  PSI.  Mr. 
M aart in  V e t ,  m a t e r i a l s  e x p e r t  from C o l l i n s  Radio,  suggested t h a t  we 
should v e r i f y  t h i s  t e n s i l e  s t r e n g t h  by pouring a small c a s t i n g  of  t h i s  
m a t e r i a l ,  m i l l i n g  i t  to a p r e s c r i b e d  s i z e  and then p u l l i n g  the  c a s t i n g  
a p a r t ,  t h u s  m easuring  the  modulus e l a s t i c i t y  and p l a s t i c  and e l a s t i c  
l i m i t s .  The c a s t i n g s  were designed and samples of  th e  epoxy o b ta in e d  a t  
th e  c l o s e  o f  th e  month.  T es t in g  was expected to proceed on the  5 t h  of  
J a n u a r y  when Rockwell r e t u r n s  to work from the Chris tmas H ol ida ys .
In summary, my a c t i v i t i e s  have been d ivid ed  between s t r a t e g i c  b u s i n e s s  
plan f o r  th e  v e n t u r e  and c o n t in u in g  design of  the  c a p a c i t o r  i s o l a t o r  
i n d u c t o r .
I hope you f i n d  t h i s  l e t t e r  s u i t a b l e  as my monthly r e p o r t  f o r  the  month 
o f  December 1980  f o r  my Doctor of  Engineer ing  I n t e r n s h i p  with Rockwell 
I n t e r n a t i o n a l .
S i n c e r e l y ,
Tom J .  T a l l e y
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Dr. B. Don R u ss e l l  
D i r e c t o r
E l e c t r o n i c  Power I n s t i t u t e  
Department o f  E l e c t r i c a l  Engineering  
Texas A&M U n i v e r s i t y  
C ollege  S t a t i o n ,  Texas 77843
Reference:  Docto r of  En gineering  I n t e r n s h i p  Report  o f  Tom J .  T a l l e y  f o r  
t h e  Month o f  J a n u a r y ,  1981
Dear Dr. R u s s e l l :
P le a s e  a c c e p t  t h i s  l e t t e r  as my Doctor of  Engineer ing I n t e r n s h i p  Report  
f o r  th e  month o f  J a n u a r y ,  1 9 81 .
This month c o m p le te s  my n in e  month i n t e r n s h i p  with Rockwell I n t e r n a t i o n ­
al from May, 1 9 8 0 ,  th ro u g h  J a n u a r y ,  19 81 .
My p r i n c i p a l  e f f o r t  t h i s  month was placed on the completion of  th e  f in a l  
de sign  f o r  th e  c a p a c i t o r  i s o l a t o r  i n d u c t o r .  This  inc luded d i r e c t i n g  Hy 
Pot  t e s t i n g  of  i n t e r i m  c o n s t r u c t i o n  d e v i c e s ,  v e r i f y  th e  i n s u l a t i o n  mate­
r i a l s  and epoxy e l e c t r i c a l  s t r e n g t h .  L a te r  in the month environmental  
t e s t i n g  was c onducte d  to i n s u r e  t h a t  the  epoxy used would stand up to 
th e  s e v e r e  environmenta l  c o n s t r a i n t s  r e q u i r e d  by e l e c t r i c  u t l i t i e s .  As 
o f  t h i s  w r i t i n g ,  work i s  s t i l l  re q u ire d  in modifying the  de sign  to 
accommodate th e  d i f f e r e n t i a l  c o e f f i c i e n t  of  thermal expansion between 
the  s t e e l  and th e  epoxy as f u r t h e r  c rackin g  has been experienced in the 
epoxy.  A l t e r n a t i v e  d e s ig n s  have been developed and s u p p l i e r s  have been 
c o n t a c t e d  and s e n t  drawings and s p e c i f i c a t i o n s  f o r  the d e v ic e .
During th e  p a s t  month we have in c o rp o ra te d  several  i n s u l a t i n g  m a t e r i a l s  
and i n s u l a t i n g  schemes in the  i n d u c to r  design which should overcome the  
t u r n - t o - t u r n  v o l t a g e  f a i l u r e  which we exper ienced e a r l i e r .  E n c a p s u l a t ­
ing a l l  t h e s e  m a t e r i a l s  in epoxy, however, s t i l l  remains a problem due 
to thermal e x p an s io n  c o e f f i c i e n t  d i f f e r e n c e s  with the  iron  c o r e .  Seve r­
al m o d e ra to rs  have been s u g g es te d .  One such moderator  suggested by 
Thermoset P l a s t i c  I n c o r p o r a t e d  i s  the  use of  e l e c t r i c a l l y  i n e r t  sand to 
modify th e  c o e f f i c i e n t  thermal expansion of  epoxy to more n e a r l y  match 
t h a t  o f  th e  s t e e l .  Emerson Cumings In co rp o ra te d  s e l l s  a g l a s s  bubble 
n i t r o g e n  f i l l e d  f i l l e r  which i s  used f o r  much the  same purpose but  with 
a l i t t l e  l e s s  a p t i t u d e  f o r  corona p ro p a g a t io n .  These m a t e r i a l s  as well 
as conformal epoxy c o a t i n g s  covered by Butyl rubber i n j e c t i o n  molding 
t e c h n i q u e s  hav a l s o  been s t u d i e d .  I t  i s  my opinion t h a t  some compromise 
between t h e s e  t e c h n i q u e s  wil l  r e s u l t  in a s u i t a b l e  p ro d u c t .
I recommend t h a t  a conformal c o a t i n g  of Emerson Cumings pro duct  S t y c a s t  
2850FT Blue used w ith  C a t a l y s t  S t y c a s t  1264 P a r t  B be used to develop 
the  conformal c o a t i n g  around the in d u c to r  and the i n s u l a t i n g  m a te r ia l  
shown in th e  a t t a c h e d  l a y o u t  diagram. Following the conformal c o a t i n g  
s ta ge  of  p r o d u c t i o n  o f  th e  i n d u c t o r s ,  the  c o i l s  should then be a t t a c h e d  
to the i n d u c t o r  c o r e  and the  e n t i r e  assembly c a s t  by an i n j e c t i o n  mold­
ing pro ce ss  o f  Butyl r u b b e r .  I t  i s  my f e e l i n g  based on our e x p e r ie n c e
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w ith  e p o x ie s  o f  v a r i o u s  k inds  o f  c o n s t r a i n t s  t h a t  no a ll  epoxy d e v ic e  
w i l l  be o f  s u i t a b l e  c o n s t r u c t i o n  to w iths ta nd the  environmental  con­
s t r a i n t s  we p l a c e  on the  p r o d u c t .  Butyl rubber on the  o t h e r  hand,  being 
a s o f t e r ,  more r e s i l i e n t  m a t e r i a l ,  may very well w i ths ta nd  the  s i g n i f i ­
c a n t  e x p a n s i o n s  and c o n t r a c t i o n s  induced in the core  by t e m p e r a t u r e  
v a r i a t i o n s .  Butyl ru bber  a lso  has r e a so n a b le  v o l ta g e  c h a r a c t e r i s t i c s .
I f u r t h e r  found and recommended two t e s t i n g  s ta n d a rd s  be adopted in the 
s p e c i f i c a t i o n s  f o r  the  c a p a c i t o r  i s o l a t o r  i n d u c t o r .  The Environmental 
T e s t  S t a n d a r d  recommended was ANSI Standard  1 8 6 -11E which i s  th e  Thermal 
Shock in  A ir  Environmental  T e s t .  An e l e c t r i c a l  T e s t  s e t  out  in IEEE 
committee recommendations on n e u tra l  grounding de vices  was a ls o  recom­
mended f o r  a d o p t i o n .  Both th e s e  s p e c i f i c a t i o n s  a r e  more severe  than the 
s p e c i f i c a t i o n  c u r r e n t l y  adopted by Rockwell,  but  b e t t e r  r e p r e s e n t  the  
f e e d e r  r e q u i r e m e n t s  o f  th e  i n d u s t r y .
In summary t h e n ,  my a c t i v i t i e s  t h i s  month were almost e x c l u s i v e l y  in 
c o n t i n u a t i o n  o f  t h e  development of  th e  c a p a c i t o r  i s o l a t o r  i n d u c t o r  prod­
u c t .  They in v o lv e d  both e l e c t r i c a l  and environmental s p e c i f i c a t i o n  
d e t e r m i n a t i o n .  M a t e r i a l s  were s e l e c t e d  and t e s t e d  pie ce  by p i e c e  to 
de te r m in e  t h e i r  v o l t a g e  breakdown l e v e l s  and t h e i r  o v e r a l l  e f f e c t  on the 
p r o d u c t .
I hope you f i n d  t h i s  l e t t e r  s a t i s f a c t o r y  as  my Report  f o r  Doctor of  
E n g in ee r in g  I n t e r n s h i p  f o r  the month of  J a n u a r y ,  19 81 .
S i n c e r e l y ,
Dr. B. Don R ussell
In tern sh ip  Report fo r  Month o f  January
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FEEDER AUTOMATION AT WPSC
This  document proposes  a s y s t e m a t i c  plan  f o r  t h e  development and 
i m p le m e n ta t io n  o f  a Feeder Automation System. Wisconsin P u b l i c  
S e r v i c e  C o r p o r a t i o n  (WPSC) and Rockwell I n t e r n a t i o n a l  U t i l i t y  
Communications Systems (UCS) have committed to  th e  development 
and e v a l u a t i o n  o f  t h i s  new and powerful e v o l u t i o n  in power s y s t e n  
c o n t r o l .  By h o s t i n g  t h i s  development on t h e i r  system, WPSH not  
o n ly  g a i n s  d i r e c t  c o n t r o l  o f  th e  f u t u r e  development o f  D i s t r i b u t i o n  
Automation System, b u t  WPSC w i l l  a l s o  gain th e  e x p e r ie n c e  n e c e s s a r y  
to  e v a l u a t e  t h e  worth o f  much l a r g e r  f u t u r e  p r o j e c t s .
Phase I o f  t h i s  two-phase p r o j e c t  c a l l s  f o r  Rockwell to  provid e  a 
method o f  d i r e c t  f e e d e r  v o l t a g e  c o n t r o l  and m onitor in g  to  WPSC.
Phase I I  w i l l  expand t h e  D i s t r i b u t i o n  Automation System to  in c lu d e  
lo a d  r e s t o r a t i o n ,  r e d i s t r i b u t i o n  and f a u l t  i s o l a t i o n .
PROPOSAL ORGANIZATION
This p r o p o s a l  i s  o rg a n iz ed  to  l o g i c a l l y  p r e s e n t  th e  fundamental 
m o d i f i c a t i o n s  in  equipment and philosophy n e c e s s a ry  to  s u c c e s s ­
f u l l y  implement Phase I o f  Feeder Automation P r o j e c t .  Rockwell 
UCS power l i n e  comnjunications equipment forms a s o l i d  b a s i s  on 
which t o  b u i l d  a D i s t r i b u t i o n  Automation System. WPSC's e x p e r ie n c e  
w i t h  t h e  Power Line C a r r i e r  w i l l  f a c i l i t a t e  an o r d e r l y  e v o l u t i o n  
to  t h e  equipment  o f  b ro a d e r  f u n c t i o n a l  c a p a b i l i t y  r e q u i r e d  to 
p erfo rm  t h e  d i s t r i b u t i o n  automation f u n c t i o n .
The f o l l o w i n g  i s  an o u t l i n e  o f  th e  proposal  o r g a n i z a t i o n  and th e  
t o p i c s  d i s c u s s e d  in  each s e c t i o n :
I .  I n t r o d u c t i o n :  Examines t h e  va lu e  o f  d i s t r i b u t i o n
automation syste m s.  Describes th e  
o r g a n i z a t i o n  o f  t h i s  p r o p o s a l .  D is cusses  
th e  exchange o f  knowledge and e x p e r ie n c e  
n eces sary  to s u c c e s s f u l l y  implement a 
D i s t r i b u t i o n  Automation System.
I I .  System Opera t io n: Discusses  th e  o p e r a t o r  i n t e r f a c e  o f
d i s t r i b u t i o n . ,  auto m ation,  e v o l u t i o n  
o f  SCADA and th e  two phases o f  t h i s  
Feeder Automation P r o p o sa l .  Power 
F a c to r  C o r r e c t i o n  C a p a c i t o r s ,  and 
v o l t a g e  r e g u l a t o r s  a re  d i s c u s s e d  in  
c o n ju n ct io n  w i th  th e  f u n c t i o n a l  
c h a r a c t e r  o f  t ra n s p o n d er s  used to 
moni tor  and c o n t ro l  them.
I. INTRODUCTION
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I I I .  System C o n tro l:  Explains what th e  system i s  in te n d e d  to
do from th e  o p e r a t o r ' s  p o i n t  o f  view.
IV. Hardware D e s c r i p t i o n :  O u t l in e s  the  equipment de signe d  to
implement th e  f e e d e r  autom ation 
f u n c t i o n s  and how i t  has evolv ed  
from " o f f - t h e - s h e l f "  Rockwell Power 
Line Communications equipment.
V. Expected  B e n e f i t s  o f
J o i n t  Development: Explains th e  advantages  to  both
WPSC and Rockwell o f  t h i s  small 
s c a l e  Feeder Automation System.
VI. WPSC Support:  Covers p a r t i c i p a t i o n  o f  WPSC in s u p p o r t  o f
th e  Feeder Automation P r o j e c t .
V I I .  Schedule  
JOINT DEVELOPMENT
A j o i n t  p r o j e c t  o f  t h i s  n a t u r e  r e q u i r e s  a w i l l i n g n e s s  o f  th e  
p a r t i c i p a n t s  t o  s h a r e  t h e i r  r e s p e c t i v e  s k i l l s .  Rockwell b r i n g s  
de cades  o f  communications and high tech nology e n g in e e r in g  and 
management e x p e r i e n c e  to  t h e  proposed p r o j e c t .  WPSC w i l l  p rovide  
y e a r s  o f  e x p e r i e n c e  in d i s t r i b u t i o n  o p e r a t i o n  p r a c t i c e s .  The 
c o m b in a t io n  o f  t h e s e  c a r e f u l l y  a cq u i r e d  s k i l l s  w i l l  y i e l d  a 
h i g h l y  c a p a b l e ,  r e l i a b l e ,  and usefu l  D i s t r i b u t i o n  Automation System 
t h a t  w i l l  b e n e f i t  WPSC, Rockwell and th e  e n t i r e  u t i l i t y  i n d u s t r y . .
SYSTEM OVERVIEW
The us e  o f  S u p e r v i s o r y  Control  and Data A c q u i s i t i o n  Systems has 
become much more p r e v a l e n t  in d i s t r i b u t i o n  systems.  T h e i r  u t i l i t y  
and c o s t  e f f e c t i v e n e s s  has been c a r e f u l l y  weighed by th e  e l e c t r i c  
u t i l i t y  i n d u s t r y .  Day-to-day o p e r a t i o n  of  l a r g e r ,  more complex 
d i s t r i b u t i o n  sys tems w i th  fewer and fewer p e o p le ,  r e q u i r e s  dependable  
remote  c o n t r o l  o v e r  th e  power system such as t h a t  provided by SCADA 
s y s t e m s .  SCADA u s u a l l y  ends a t  th e  s u b s t a t i o n  load  o p e r a t i n g  bu s .
A n a t u r a l  e v o l u t i o n  in  th e  management o f  power systems i s  th e  
e x t e n s i o n  o f  c o n t r o l  and m onitor in g  o f  power systems parameters  
beyond t h e  s u b s t a t i o n  b u s ,  even to  th e  customer m e te rs .
The e x t e n s i o n  o f  power l i n e  communications technology  to  t h e  
autom a ted  c o n t r o l  o f  d i s t r i b u t i o n  system parameters  becomes 
s im p ly  a l o g i c a l  e v o l u t i o n a r y  s t e p .  Phase I o f  t h i s  two-phase 
p r o j e c t  c a l l s  f o r  Rockwell to apply i t s  e x p e r t i s e  in communications 
and c o n t r o l  t o  t h e  automation  o f  a r e l a t i v e l y  long f e e d e r  from th e
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Anti  go S u b s t a t i o n  o f  WPSC. The s u c c e s s f u l  management o f  t h e  f e e d e r  
w i l l  r e q u i r e  t h e  c o n t r o l  o f  two c a p a c i t o r  banks and a v o l t a g e  
r e g u l a t o r .  Remote v o l t a g e  t ra n s p o n d e r s  w i l l  f u r n i s h  a d d i t i o n a l  
d a t a  f o r  t h e  o p e r a t o r  and automation system to use in managing 
d i s t r i b u t i o n  system o p e r a t i o n .
D i s t r i b u t i o n  a u tom at ion  b r in g s  about  a s u b t l e  change in d i s p a t c h  
p h i l o s o p h y .  S inc e  t h e  automation system can monitor  v o l t a g e s ,  
c u r r e n t s ,  and o t h e r  parameters  a t  p o in ts  a long th e  f e e d e r ,  c o n t r o l  
o f  s y s te m  v o l t a g e  by d i r e c t  measurement, becomes p o s s i b l e .  The 
a u t o m a t i o n  system i s  cap a b le  o f  g a t h e r i n g  v o l t a g e  d a ta  from th e  
e n t i r e  l e n g t h  o f  t h e  f e e d e r .  The system can analy ze  th e  d a ta  and 
d e t e r m i n e  what  s t e p s ,  i f  any,  a r e  r e q u i r e d  to  c o r r e c t  th e  f e e d e r  
v o l t a g e .  Power f a c t o r  c o r r e c t i o n  c a p a c i t o r s  and v o l t a g e  r e g u l a t i o n  
can be c o n t r o l l e d  and t h e i r  a c t i o n s  v e r i f i e d .  By us in g  an i n t e r f a c e  
w i t h  t h e  s u b s t a t i o n  SCADA, th e  automation system a l s o  has th e  
c a p a b i l i t y  o f  m o n i to r in g  a l l  g e n e r a l l y  a v a i l a b l e  bus p a r a m e te r s .
All t h i s  d a t a  g a t h e r i n g  and a n a l y s i s  c a p a b i l i t y  w i l l  enhance t h e  
u t i l i t i e s  a b i l i t i e s  t o  run i t s  d i s t r i b u t i o n  system.  WPSC w i l l  
be a b l e  t o  use  th e  d a t a  g a th ered  t o  a s s i s t  in s i z i n g  and l o c a t i n g  
c a p a c i t o r  b a n k s ,  v o l t a g e  r e g u l a t o r s ,  and a d d i t i o n a l  load management 
s y s t e m s .  With r e a l - t i m e  remote m o n i to r in g  c a p a b i l i t i e s ,  WPSC w i l l  
be a b l e  t o  s a f e l y  e v a l u a t e  d i f f e r e n t  d i s p a t c h  p h i l o s o p h i e s  w hi le  
o b s e r v i n g  t h e i r  c o s t  e f f e c t i v e n e s s .
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The Phase I Fe eder Automation System w i l l  a l low  t h e  o p e r a t o r  t o  
a u t o m a t i c a l l y  c o n t r o l  and m o n i to r  v o l t a g e  a lo ng a f e e d e r  a t  Ant igo 
S u b s t a t i o n .  F i g u r e  1 i s  a s c h e m a t ic  r e p r e s e n t a t i o n  o f  Phase I o f  
t h e  WPSC/Rockwell Fe eder Automation P r o j e c t .  The o p e r a t o r  te r m i n a l  
i s  e i t h e r  a v id eo  t e r m i n a l  o r  "hard copy" te r m i n a l  which 
communicates by phone l i n e  to  t h e  S u b s t a t i o n  Terminal  a t  Anti go 
S u b s t a t i o n .  The S u b s t a t i o n  Terminal  r e l a y s  commands to  t h e  t h r e e  
t y p e  o f  t r a n s p o n d e r s  l o c a t e d  a lo ng  t h e  f e e d e r .  The two Type 1 
c a p a c i t o r  c o n t r o l l e r s  shown as T1A and TIB a r e  c o l l o c a t e d  w i th  t h e  
VST c o n t r o l s  c u r r e n t l y  i n  p l a c e .  The t h r e e  Type 2 v o l t a g e  s e n s o r s  
shown as T2A, B and C a r e  l o c a t e d  beyond t h e  v o l t a g e  r e g u l a t o r  to  
measure  v o l t a g e s  a t  remote  p o i n t s  a lo ng  t h e  l i n e .  The Type 3 v o l t a g e  
r e g u l a t o r  t r a n s p o n d e r  (T 3 )  w i l l  be p la c e d  n e ar  t h e  Load Drop Compen­
s a t o r  (LDC) a t  th e  r e g u l a t o r  s i t e .
The o p e r a t o r  w i l l  be a b l e  to t r e a t  t h e  c a p a c i t o r s  and v o l t a g e  
r e g u l a t o r s  on th e  f e e d e r  much l i k e  a d d i t i o n a l  SCADA p o i n t s .  The 
e v o l u t i o n  o f  d i r e c t  c o n t r o l  o f  remote d i s t r i b u t i o n  system p a r a m e te r s  
w i l l  be p ro v id e d  by e x t e n s i o n s  o f  new f u n c t i o n s  from R o ck w e l l ' s  
e x i s t i n g  power l i n e  communications s y s te m .  V ol ta ge  c o n t r o l  w i l l  be 
su p p lem en te d  by lo ad  r e s t o r a t i o n ,  r e d i s t r i b u t i o n  and f a u l t  i s o l a t i o n  
f u n c t i o n s  p ro v id e d  by im p le m e n ta t io n  o f  Phase I I  o f  t h i s  developm ent 
p r o j e c t .
The sys tem  o p e r a t i o n  w i l l  be n e a r l y  t r a n s p a r e n t  to  t h e  o p e r a t o r .
The C e n t r a l  Communications Computer s o f t w a r e  can be m o d if ie d  to 
d i s p l a y  t h e  f e e d e r  p a ra m e te rs  and a l low  d i r e c t  c o n t r o l  o f  t h e  
s y s te m  by keyboard command from t h e  o p e r a t o r  p o s i t i o n .  The 
o p e r a t o r  commands w i l l  be t r a n s m i t t e d  by phone l i n e  to  t h e  System 
Terminal  (ST)  l o c a t e d  a t  Antigo S u b s t a t i o n .  The ST w i l l  i n t e r p r e t  
t h e  commands and send t h e  a p p r o p r i a t e  commands to  t h e  t r a n s p o n d e r s  
l o c a t e d  a lo n g  t h e  f e e d e r .
The System Terminal  (ST)  w i l l  be a more i n t e l l i g e n t  d e v i c e  th an  i t s  
p r e d e c e s s o r ,  t h e  S u b s t a t i o n  C o n t r o l l e r  ( S C ) .  The ST w i l l  communicate 
w i t h ,  and s u p e r v i s e ,  t h e  o p e r a t i o n  o f  t h e  Feeder Automation System 
T r a n s p o n d e r  (FAST) as i t  performs t h e  v o l t a g e  c o n t r o l  a l g o r i t h m s .
The ST w i l l  be c a p a b l e  o f  th e  f o l l o w i n g  o p e r a t i o n s :
( 1 )  The ST w i l l  s t o r e  f e e d e r  pa ra m e te rs  a t  th e  s u b s t a t i o n  by 
m o n i t o r i n g  t h e  S u p e r v i s o r y  Control  and Data A c q u i s i t i o n  
System p a r a m e t e r s .  30 KW, KVARS, and v o l t s  ( 1 2 0  V nom in al)  
w i l l  be m easured.  These p a r a m e t e r s ,  in a d d i t i o n  t c  t h o s e  
r e p o r t e d  a t  t h e  remote t r a n s p o n d e r  l o c a t i o n ,  w i l l  be forward ed  
p e r i o d i c a l l y  to  t h e  o p e r a t o r  te rm in a l  f o r  d i s p l a y  a t  t h e  
o p e r a t o r  p o s i t i o n .
I I .  SYSTEM OPERATION
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( 2 )  The ST can c o n t r o l  t h e  f e e d e r  to  any nominal v o l t a g e  s p e c i f i e d  
by t h e  o p e r a t o r .  This  f u n c t i o n  may be used by t h e  o p e r a t o r
t o  implement energy  c o n s e r v a t i o n  by v o l t a g e  r e d u c t i o n .
( 3 )  The ST can command t h e  t r i p / c l o s e  o f  e i t h e r  o f  t h e  c o n t r o l l e d  
c a p a c i t o r  b a n k s ,  and r a i s e / l o w e r  o f  t h e  v o l t a g e  r e g u l a t o r .  
( P r o v i d e d  t h e  c o n t r o l l e r s  on t h e s e  d e v i c e s  a r e  in  t h e  a u to
p o s i t i o n . )
( 4 )  The ST can s u p e r v i s e  t h e  nominal v o l t a g e  t r a c k i n g  a l g o r i t h m s  
pe rform ed by t h e  c a p a c i t o r  c o n t r o l  t r a n s p o n d e r  and t h e  v o l t a g e  
r e g u l a t o r  t r a n s p o n d e r .
( 5 )  The ST can p l a c e  c o n t r o l  FASTS in  any one o f  3 modes,  D i r e c t ,  
A u t o m a t i c ,  o r  M oni tor .  The ST can a l s o  change t h e  mode o f  
o p e r a t i o n  o f  any o r  a l l  t r a n s p o n d e r s  i n d e p e n d e n t l y .
All  equipment m o d i f i c a t i o n  made n e c e s s a r y  by t h e  i n s t a l l a t i o n  
o f  t h e  Rockwell Feeder Automation System w i l l  p r e s e r v e  t h e  
i n t e g r i t y  o f  t h e  manual mode s e l e c t  s w i tc h  p o s i t i o n  on t h e  
c a p a c i t o r  and V ol ta ge  R e g u l a t o r  C o n t r o l l e r s .  This  w i l l  a l low  
t h e  c a p a c i t o r  banks to  be o p e r a t e d  l o c a l l y  w i t h o u t  f e a r  o f  
an a u t o m a t i c  o p e r a t i o n .  The V o l ta g e  R e g u l a t o r  i s  p r o t e c t e d  
i n  t h e  same manner a l lo w in g  o n ly  l o c a l  c o n t r o l  e x c e p t  when 
t h e  t r a n s f e r  s w i tc h  i s  in  t h e  a u t o m a t i c  p o s i t i o n .
POWER FACTOR CAPACITOR CONTROL
C o n tro l  o f  Power F a c t o r  C o r r e c t i o n  C a p a c i t o r s  i s  performed by 
Sangamo's VS c o n t r o l l e r .  This  v o l t a g e  c o n t r o l  i s  implemented 
as shown in  F ig u r e  2 .  I f  v o l t a g e  exceeds  a s e t  p o i n t ,  t h e  bank 
w i l l  be removed from t h e  l i n e .
When t h e  v o l t a g e  d e c r e a s e s ,  t h e  m e te r  p o i n t  makes c o n t a c t  w i th  
t h e  low s e t  p o i n t .  This  e n e r g i z e s  a r e l a y  c a u s in g  t h e  c a p a c i t o r  
s w i t c h e s  t o  c l o s e .  C o n v e r s e ly ,  as t h e  v o l t a g e  i n c r e a s e s  t h e  
m e t e r  p o i n t e r  makes c o n t a c t  with  t h e  upper s e t  p o i n t .  This  de­
e n e r g i z e s  t h e  r e l a y  c a u s i n g  th e  c a p a c i t o r  s w i t c h e s  to  open.
F i g u r e  3 shows th e  i n v e r s e  t ime c h a r a c t e r i s t i c  c urv e  o f  t h e  
c o n t r o l l e r .  This  c h a r a c t e r i s t i c  p r e v e n t s  t h e  bank from o p e r a t i n g  
to o  r a p i d l y .  This  d e l a y  i s  accomplished  by t h e  thermal t ime 
c o n s t a n t  o f  t h e  m e t e r .
One s o p h i s t i c a t i o n  o f  t h i s  c o n t r o l l e r  i s  to add t ime s e n s i t i v i t y  
b i a s .  This  i s  known as VST c o n t r o l .  A c lo c k  i s  added t o  t h e  
c o n t r o l l e r  to  i n c r e a s e  t h e  s e n s i t i v i t y  d u r in g  s e l e c t e d  p e r i o d s  
o f  t h e  day when a s e t  t e m p e r a t u r e  i s  exceeded.
MODIFICATION FOR AUTOMATED CONTROL
The FAST i n t e r f a c e  p r o v i d e s  a s e t  o f  c o n t r o l  r e l a y s  which 
c o n t r o l  t h e  c a p a c i t o r  s w i tc h e s  when th e  VST c o n t r o l l e r  i s  in th e  
a u t o  mode.
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O I 2 3 4 5 6 7 8 9 10 II 12 13 14
RATIO D/d
INVERSE TIME CHARACTERISTICS -  TYPE VS LINCOLNTROL
Time vs D/d
D = T o t a l  v o l t s  change = New v o l t s  minus p o i n t e r  i n d i c a t i o n .
d = V o l ts  change to  o p e r a t e  c o n t a c t  = C o n ta c t  s e t t i n g  minus 
p o i n t e r  i n d i c a t i o n .
EXAMPLE 1 .  Meter  i n d i c a t e s  110 v o l t s  
New V o l ts  125 v o l t s  
Upper c o n t a c t  s e t t i n g  115 v o l t s  
D _ 1 2 5 - 1 1 0  15 _ ,  
d " 1 1 5 - 1 1 0  " 5 “ J
EXAMPLE 2 .  Meter  i n d i c a t e s  125 v o l t s  
New Volts  113 v o l t s  
Lower c o n t a c t  s e t t i n g  123 v o l t s  
D _ 1 1 3 - 1 2 5  - 1 2  _ ,  
d “ 1 2 3 - 1 2 5  -  2 0
t  ( f ro m c u r v e )  = 1 . 5  Min.
FIGURE 3 INVERSE TIME CURVE OF VST CONTROLLER
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The c a p a c i t o r  l o c a l  c o n t r o l  a l g o r i t h m  i s  f a i r l y  s i m p l e .  I f  t h e  
bank i s  o f f ,  and v o l t a g e  f a l l s  below t h e  lower l i m i t  f o r  l o n g e r  
th a n  "t ime d e l a y " ,  and t h e  VARS a t  t h e  bank and s u b s t a t i o n  a r e  
l a g g i n g ,  th e n  t h e  bank s w i tc h e s  a r e  c l o s e d .
I f  t h e  bank i s  on l i n e ,  and th e  v o l t s  r i s e  above th e  upper l i m i t  
f o r  l o n g e r  th a n  "time d e l a y " ,  t h e  bank i s  removed from t h e  l i n e .  
A l s o ,  i f  VARS a t  t h e  s u b s t a t i o n  o r  a t  t h e  bank go l e a d i n g ,  th e  
bank i s  removed from s e r v i c e .
In a d d i t i o n ,  t h e  ST uses t h e  c a p a c i t o r  banks t o  r a i s e  t h e  i n p u t  
v o l t a g e  t o  t h e  v o l t a g e  r e g u l a t o r  i f  need be.  Should t h e  r e g u l a t o r  
h i t  t h e  h i g h e s t  s t e p  a v a i l a b l e ,  i t  n o t i f i e s  t h e  ST a t  t h e  n e x t  
i n t e r r o g a t i o n .  The ST checks t h e  VARS a t  t h e  s u b s t a t i o n  and 
c a p a c i t o r  b a n k s ,  and i f  th e y  a r e  la g g i n g  and n e a r  nominal in  
v o l t a g e ,  th e n  t h e  ST c l o s e s  a bank.  This  r a i s e s  t h e  i n p u t  v o l t a g e  
t o  t h e  r e g u l a t o r .
The recommended m o d i f i c a t i o n  f o r  remote c o n t r o l  i s  to  s upply  120 V 
p r o v i d e d  from t h e  auto/manual  s w i tch  t o  d i r e c t l y  c o n t r o l  t h e  c l o s e /  
open s w i t c h  r e l a y .  P r o v i s i o n  f o r  i n c r e m e n t i n g  t h e  o p e r a t i o n  c o u n t e r  
i s  i n c o r p o r a t e d  in  th e  m o d i f i c a t i o n .  This  m o d i f i c a t i o n  p ro v id e s  
d i r e c t  r e s p o n s e  t o  o p e r a t o r  commands. During m ain te nance  w i th  
t h e  au to /m a n u al  s w i tc h  in  t h e  manual mode, power i s  removed from 
t h e  c o n t r o l l e r  and t h e  c a p a c i t o r  bank can be o p e r a t e d  o n ly  m a n u al ly .
✓
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The PFC C a p a c i t o r  Contro l  Tran sponder  (T1A & TIB)
The hard ware  used f o r  c a p a c i t o r  c o n t r o l  i s  shown s c h e m a t i c a l l y  
i n  F i g u r e  4 .  This  hardware c o n s i s t s  o f  a s t a n d a r d  Rockwell 
power l i n e  communications t r a n s p o n d e r  and a Data A c q u i s i t i o n  
T e r m i n a l .  The S u b s t a t i o n  Terminal communicates w i th  t h e  t r a n s p o n d e r  
to  command t h e  v o l t a g e  s e t  p o i n t  and bandwid th .  Time d e l a y s  a r e  
s p e c i f i e d  by t h e  S u b s t a t i o n  Terminal a l s o .  The d a ta  a c q u i s i t i o n  
module c o n v e r t s  v o l t a g e ,  KW, and KVARS to  d i g i t a l  v a l u e s .
The d a t a  a c q u i s i t i o n  module and th e  s o f t w a r e  t o  o p e r a t e  i t  a r e  
two d e s i g n  t a s k s  to  be accom plished  d u r i n g  Phase I o f  t h i s  
Automation P r o j e c t .  The expans io n  o f  t h e  t r a n s p o n d e r  s o f t w a r e  
t o  i n c l u d e  c o n t r o l  o f  t h e  d a t a  a c q u i s i t i o n  module and i n t e r ­
p r e t a t i o n  o f  t h e  d a t a  i s  a n o t h e r  d e s i g n  t a s k  f o r  t h i s  p r o j e c t .
T his  s o f t w a r e  w i l l  a l l o w  automated c a p a c i t o r  bank c o n t r o l  o f  s e t  
p o i n t ,  bandwidth and d e l a y .  The i n v e r s e  D/d c h a r a c t e r i s t i c  w i l l  
be i n c o r p o r a t e d .  A s u i t a b l e  smoothing a l g o r i t h m  w i l l  be used to  
a s s u r e  t i m e l y  o p e r a t i o n  o f  t h e  c a p a c i t o r  bank.
The t r a n s p o n d e r  employed f o r  Power F a c t o r  C a p a c i t o r  c o n t r o l  i s  
v i r t u a l l y  unchanged e x c e p t  f o r  i t s  a d d i t i o n a l  d a t a  g a t h e r i n g  
c a p a b i l i t y .  The PT and CT p r o v id e  v o l t a g e  and c u r r e n t  i n p u t s  
to  t h e  v o l t ,  KW and KVAR t r a n s d u c e r s .  S ta n d a rd  120 V, 5a i n p u t s  
w i l l  be used  t o  g e n e r a t e  0 - 1 ma c u r r e n t s  thro ugh a p p r o p r i a t e  i n p u t  
v o l t a g e  l e v e l s  t o  t h e  Analog t o  D i g i t a l  C o n v e r t e r .  When t h e  
t r a n s p o n d e r  d e s i r e s  a sample o f  t h e  v a lu e  o f  any o f  th e  p a r a m e t e r s ,  
i t  commands t h e  m u l t i p l e x e r  t o  s e l e c t  t h e  a p p r o p r i a t e  t r a n s d u c e r  
o u t p u t .  The 8 b i t  A/D c o n v e r t e r  loads  t h e  d i g i t a l  e q u i v a l e n t  o f  
t h e  a n a lo g  s i g n a l  i n t o  t h e  t r a n s p o n d e r .
OPERATION VERIFICATION
The r e l a y  f o r  c o n t r o l  o f  th e  c a p a c i t o r  bank w i l l  have m o n i to r  
c o n t a c t s  f o r  v e r i f i c a t i o n  o f  t h e  r e l a y  o p e r a t i o n .  A d d i t i o n a l l y ,  
t h e  t r a n s p o n d e r  w i l l  v e r i f y  t h e  o p e r a t i o n  o f  t h e  c a p a c i t o r  bank 
by m e a s u r in g  v o l t s ,  KW and KVARS im media te ly  b e f o r e  and a f t e r  
commanding t h e  r e l a y  o p e r a t i o n .  The d i f f e r e n c e s  in  t h e s e  
p a r a m e t e r s  w i l l  v e r i f y  t h e  sw i tch  o p e r a t i o n .
The r e s u l t a n t  v o l t a g e  and VAR change should  be m eas ura ble  a t  
t h e  s u b s t a t i o n  thro ugh pre  and p o s t  o p e r a t i o n  SCADA m o n i to r e d  
v a l u e s .  This  m o n i t o r i n g  w i l l  a l low  d i s t r i b u t i o n  o p e r a t i o n s  to  
make recommendations to  e n g i n e e r i n g  based on th e  e f f e c t i v e n e s s  o f  
t h e  c a p a c i t o r  banks as th ey  e x i s t .  As t h e  system grows,  o p e r a t i o n s  
p e r s o n n e l  w i l l  be a b l e  t o  o b s e r v e  when m o d i f i c a t i o n  o f  t h e  s i z e ,  
l o c a t i o n ,  o r  number o f  c a p a c i t o r  banks i s  r e q u i r e d .
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Long d i s t r i b u t i o n  l i n e s  o f t e n  r e q u i r e  v o l t a g e  r e g u l a t o r s  mounted 
a lo n g  t h e  f e e d e r  to  a c t  in  c o n c e r t  w i th  s u b s t a t i o n  LTC's and 
power f a c t o r  c o r r e c t i o n  c a p a c i t o r s  to  m a i n t a i n  custom er  v o l t a g e .  
However, r a t h e r  th an  f u n c t i o n i n g  as p a r t  o f  an i n t e g r a t e d  s y s te m ,  
r e g u l a t o r s  o p e r a t e  i n d e p e n d e n t l y  from t h e  o t h e r  system v o l t a g e  
c o n t r o l  d e v i c e s .  During v o l t a g e  r e d u c t i o n s ,  f o r  example,  remote 
l i n e  r e g u l a t o r s  may a c t u a l l y  o p e r a t e  t o  d e f e a t  t h e  b e s t  e f f o r t s  
o f  t h e  d i s p a t c h e r  t o  c o n t r o l  t h e  v o l t a g e .  During normal sys tem 
o p e r a t i o n ,  t h e  load  drop  compensator  may not  a c c u r a t e l y  compensate 
f o r  l i n e  impedance between t h e  " load  c e n t e r "  and t h e  r e g u l a t o r .
R e g u l a t o r  A c c e s s o r i e s
S e v e r a l  a c c e s s o r y  d e v i c e s  a r e  a v a i l a b l e  t o  enhance t h e  c a p a b i l i t i e s  
o f  e x i s t i n g  r e g u l a t o r  c o n t r o l l e r s .  The f o l l o w i n g  d e s c r i b e s  some o f  
t h e s e  f e a t u r e s  and how th e y  can a l s o  be performed by R ockw e l l ’s 
F e e d e r  Automation System.
V o l t a g e  Reduction  K it
\
A l l i s - C h a l m e r s ,  f o r  example,  o f f e r s  a v o l t a g e  r e d u c t i o n  k i t .
The k i t  can be i n s t a l l e d  in  most r e g u l a t o r  c o n t r o l l e r s  and 
p r o v i d e s  f o r  2.5% and 5% v o l t a g e  r e d u c t i o n s .
V o l t a g e  L i m i t  Control
A n o th e r  a c c e s s o r y  o f f e r e d  f o r  t h e  JFR/AC r e g u l a t o r  i s  t h e  
v o l t a g e  l i m i t  c o n t r o l .  The l i m i t  c o n t r o l  a t t e m p t s  to  overcome 
d i f f i c u l t i e s  e n c o u n te re d  by th e  LDC. LDC1 s a r e  s e t  a t  normal 
f e e d e r  lo a d  l e v e l s .  I f  f e e d e r  lo a d i n g  i n c r e a s e s ,  v o l t a g e  o u t p u t  
i n c r e a s e s  a r e  c a l l e d  f o r  by th e  LDC in  an a t t e m p t  t o  keep t h e  
v o l t a g e  a t  th e  " load  c e n t e r "  a t  some nominal l e v e l .  O v e rv o l ta g e  
a t  t h e  f i r s t  cus tomer  beyond t h e  r e g u l a t o r  could r e s u l t  however.  
The v o l t a g e  l i m i t  c o n t r o l l e r  o f f e r s  a p a r t i a l  f i x  f o r  t h e s e  
t y p e s  o f  proble m s.  The c o n t r o l l e r  i s  s t i l l  l i m i t e d  t o  making 
judgm e nts  based on v a lu e s  m e asura ble  a t  t h e  r e g u l a t o r  and n o t  
a t  t h e  custo m er t e r m i n a l .
R e v e rs e  Power Flow D e t e c t i o n
I f  t h e  u t i l i t y  d e s i r e s  to  ba ckfeed  through a l i n e  r e g u l a t o r ,  
some measures must be ta k en  t o  d i s a b l e  th e  normal c o n t r o l  
f u n c t i o n  o f  t h e  r e g u l a t o r .  The LDC s en s e s  v o l t a g e  on th e  
lo a d  s i d e  o f  t h e  r e g u l a t o r .  S ince  t h e  r e g u l a t o r  i s  b e in g  
b a c k f e d ,  i t  now s en s e s  th e  "sourc e"  s i d e  v o l t a g e  i n s t e a d  o f  
t h e  " lo a d "  s i d e .  The r e v e r s e  power f low a c c e s s o r y  e f f e c t i v e l y  
moves t h e  PT t o  t h e  new load s i d e ,  and r e v e r s e s  t h e  i n f l u e n c e  
o f  t h e  LDC. However, i t  does n o t  compensate f o r  t h e  f a c t  
t h a t  t h e  impedance to load c e n t e r  in backfed s i t u a t i o n s  w i l l  
p r o b a b l y  be d i f f e r e n t  than  when i t  was s e t  to  c o n t r o l  v o l t a g e  
i n  normal o p e r a t i o n .
VOLTAGE REGULATION
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The Rockwell Feeder Automation System T r ans ponders  (FAST) 
i n  c o n j u n c t i o n  w i th  t h e  S u b s t a t i o n  Terminal and O p e r a t o r  
Terminal  o f f e r  s im p le  s o l u t i o n s  t o  t h e s e  and o t h e r  d i f f i c u l t  
v o l t a g e  c o n t r o l  s i t u a t i o n s .
FAS T r a n s p o n d e r  Voltage  R e g u l a t o r  Contro l
The Rockwell Voltage  R e g u l a t o r  FAS T r an s p o n d e r  (VR-FAST) used to 
c o n t r o l  v o l t a g e  i s  a "smart"  d e v i c e .  The S u b s t a t i o n  Terminal 
t r a n s m i t s  t h e  d e s i r e d  nominal v o l t a g e  bandwidth and t ime d e la y  
t o  t h e  VR-FAST. I t  th e n  c o n t r o l s  t h e  f e e d e r  v o l t a g e  in  a ccordance  
w i t h  t h e s e  p a r a m e t e r s .
To c o n t r o l  t h e  phase v o l t a g e  in  a d d i t i o n  t o  v o l t a g e  m o n i to r in g  a t  
t h e  r e g u l a t o r , t h r e e  v o l t a g e  m o n i to r in g  t r a n s p o n d e r s  a r e  s e l e c t i v e l y  
p l a c e d  a t  c r i t i c a l  v o l t a g e  l o c a t i o n s  on t h e  same phase  o f  t h e  f e e d e r .  
Every 2 0 - 6 0  seconds (depe ndin g  on sca n  r a t e  s e l e c t e d  by t h e  Control  
O p e r a t o r )  t h e  S u b s t a t i o n  Terminal p o l l s  t h e  m o n i t o r i n g  t r a n s p o n d e r s .  
When a com ple te  p r o f i l e  i s  ass em b led ,  t h e  S u b s t a t i o n  Terminal  
a n a l y z e s  t h e  d a t a  to  d e te r m in e  i f  t h e  v o l t a g e  remains  w i t h i n  l i m i t s  
as  s p e c i f i e d  by t h e  o p e r a t o r .
The r e g u l a t o r  sec ondary  v o l t a g e  i s  compared w i t h  t h e  monitored  
v o l t a g e s .  The r e g u l a t o r  i s  then  s e t  to  a v o l t a g e  a p p r o x im a te ly  
1 / 2  t h e  AV ( r e g u l a t o r  -  l i n e  end)  above t h e  e s t a b l i s h e d  s e t  p o i n t  
v o l t a g e .
T h is  a c t i o n  r e p l a c e s  t h e  load  drop compens ator  a c t i o n  w i th  an 
a c c u r a t e  measurement o f  t h e  v o l t a g e  a t  c r i t i c a l  l o c a t i o n s  on t h e  
p h a s e .  T h e r e f o r e ,  t h e  r e g u l a t o r  c o n t r o l s  v o l t a g e  by d i r e c t  
m eas u re m e n t ,  i n s t e a d  o f  a v o l t a g e  d e r i v e d  by a c a l c u l a t e d  impedance 
s e t  i n  th e  com pensato r .
I f  t h e  r e g u l a t o r  secondary  v o l t a g e  exceeds 127 V in o r d e r  to  main­
t a i n  t h e  m oni tored  v o l t a g e  above t h e  low l i m i t  o f  116 V, then  th e  
v o l t a g e  i s  r a i s e d  to  127 V l i m i t  and on t h e  n e x t  communication th e  
S u b s t a t i o n  Terminal i s  n o t i f i e d .  Should th e  v o l t a g e  reach  129 V 
a t  t h e  r e g u l a t o r ,  t h e  VR-FAST,without communication w i l l  immediate ly
V
V
R , = R e g u l a t o r  Secondary, a t  
t l  ( b e f o r e  a d j u s t m e n t )
^RN = Nominal Voltage  s e t
by o p e r a t o r  i n s t r u c t i o n  V
R . « = R e g u l a t o r  Secondary a f t e r  
a d j u s t m e n t
LE = V o l ta g e  a t  M onitoring  
T ransponders
79
r e d u c e  t h e  r e g u l a t o r  o u t p u t  t o  127 V and r e p o r t  to t h e  S u b s t a t i o n  
Terminal  on th e  n e x t  communication.  The v o l t a g e  l i m i t s  /.are 
checked a t  every  l o c a t i o n  a t  which v o l t a g e  i s  measured on t h e  
f e e d e r .  Any v i o l a t i o n  o f  t h e s e  l i m i t s  i s  r e p o r t e d  to  t h e  Contro l  
O p e r a t o r .
FAST V o l ta g e  Reduction
The Rockwell VR-FAST used to  c o n t r o l  t h e  v o l t a g e  r e g u l a t o r ,  
c o n t r o l s  r e g u l a t o r  o u t p u t  v o l t a g e  to  any nominal v a lu e  
s p e c i f i e d  by t h e  o p e r a t o r .  V ol ta ge  r e d u c t i o n  can be s e t  to  
any v a l u e  simply  by n o t i f y i n g  t h e  VR-FAST o f  t h e  new nominal 
v o l t a g e .  When v o l t a g e  r e d u c t i o n  i s  commanded by t h e  c o n t r o l  
o p e r a t o r ,  new upper and lower l i m i t s  a r e  c a l c u l a t e d  by t h e  
S u b s t a t i o n  T e r m i n a l ,  e ; g .  f o r  a 5% r e d u c t i o n  t h e  new upper 
l i m i t  would be 121 V and t h e  lower l i m i t  110 V. 
t
FAST V o l ta g e  L i m i t  Control
The Rockwell VR-FAST c o n s t a n t l y  m o n i to r s  t h e  o u t p u t  v o l t a g e  
a t  t h e  r e g u l a t o r .  Should t h i s  v o l t a g e  r i s e  above t h e  s p e c i f i e d  
o v e r v o l t a g e  a la r m  l i m i t ,  t h e  FAST n o t i f i e s  th e  S u b s t a t i o n  
Terminal  which i n  t u r n  n o t i f i e s  t h e  o p e r a t o r  o f  t h e  abnormal 
c o n d i t i o n .
FAST R evers e  Power Flow R e g u l a t io n
P r e l i m i n a r y  d i s c u s s i o n s  w i th  WPSC did  n o t  i n c l u d e  th e  use 
o f  t h e  r e g u l a t o r  in  a backfeed  mode. However, as  an example 
o f  t h e  f l e x i b i l i t y  o f  th e  Rockwell Feeder Automation S yste m , '  
s e v e r a l  methods o f  o p e r a t i n g  t h e  FAS in  th e  b a ckfee d  mode can 
be implemented.
The VR-FAST uses  t h e  r a i s e / l o w e r  c i r c u i t r y  in  t h e  LDC to  
r a i s e  and lower t h e  load  s i d e  v o l t a g e .  I t  i s  "r a i s i n g * 1 
t h e  l o a d  s i d e  v o l t a g e  w i th  r e s p e c t  to  t h e  s o u r c e  s i d e  
v o l t a g e .  In b ack f eed  mode, t h e  s u b s t a t i o n ,  o r  one o f  t h e  
c a p a c i t o r  banks eq uip ped  w i th  v o l t a g e  m o n i to r  can be employed 
as t h e  m o n i t o r i n g  t r a n s p o n d e r s .  The r e g u l a t o r  simply  must 
r e g u l a t e  t h e  end o f  l i n e  v o l t a g e .  D i r e c t  r a i s e / l o w e r  i n s t r u c t i o n s  
from t h e  S u b s t a t i o n  Terminal  can be used to manage v o l t a g e  d u r i n g  
t h i s  unusual  s i t u a t i o n .
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I I I .  SYSTEM CONTROL 
COMMAND MODES
Each t r a n s p o n d e r  can f u n c t i o n  i n  one o f  3 i n d e p e n d e n t  modes:
D i r e c t ,  Automatic  o r  M onitor.  The t r a n s p o n d e r s  may be p lace d  
i n  one o f  t h e s e  modes by a group command from t h e  S u b s t a t i o n  
Term inal  o r  s e p a r a t e l y  by i n d i v i d u a l  command. The o p e r a t o r  must 
s p e c i f y  t h e  mode.
D i r e c t
In  t h e  d i r e c t  mode, t h e  o p e r a t o r  may s e l e c t  a d e v i c e  and c o n t r o l  
i t s  o p e r a t i o n  by an e x p l i c i t  command. The o p e r a t o r  may i n s t r u c t  
t h e  s e l e c t e d  d e v i c e  to  t r i p / c l o s e  ( f o r  c a p a c i t o r  ba nks)  o r  to  
r a i s e / l o w e r  ( f o r  v o l t a g e  r e g u l a t o r s ) .  A pre  and p o s t  o p e r a t i o n  
f e e d e r  p r o f i l e  i s  d i s p l a y e d  to a l low  v e r i f i c a t i o n  o f  th e  command 
e x e c u t i o n .
Autom at ic
In t h e  a u t o m a t i c  mode, t h e  o p e r a t o r  may change t h e  s p e c i f i c a t i o n s  
to  which each o f  t h e  c o n t r o l l e r s  a r e  c o n t r o l l i n g .  These p a ra m e te rs  
i n c l u d e :
High V o l ts  Limit/Alarm
Nominal V o l ts
Low V olts  Limit/Alarm
Bandwidth
Delay Time
Alarm s e t  p o i n t  v i o l a t i o n s  a r e  r e p o r t e d  on t h e  S u b s t a t i o n  
T erm inal  t o  t h e  o p e r a t o r .  The VR-FAST and S u b s t a t i o n  Terminal  
w i l l  n o t  a l l o w  l i m i t  v i o l a t i o n s ,  nor w i l l  th e y  c o n t r o l  so t h a t  
a l i m i t  i s  v i o l a t e d .
M o n i to r
In t h e  m o n i to r  mode, th e  t r a n s p o n d e r s  r e p o r t  system p a ra m e te rs  
t o  t h e  S u b s t a t i o n  Terminal  and t h e  o p e r a t o r .  This  mode can be 
used  t o  o b s e r v e  th e  e f f e c t s  o f  th e  o p e r a t i o n  o f  t h e  e x i s t i n g  
v o l t a g e  r e g u l a t o r  and VST c o n t r o l l e r .
The Fe eder  Automation System i s  broken i n t o  3 prim ary  s u b - p a r t s .  
F i r s t  t h e  C e n t ra l  Communication Computer which h a n d les  communication 
between t h e  S u b s t a t i o n  Terminal and th e  o p e r a t o r .  Second,  t h e  
S u b s t a t i o n  Terminal  h a n d les  t h e  communication p r o t o c o l  n e c e s s a r y  
t o  send commands to and r e c e i v e  d a ta  from t h e  c o n t r o l  t r a n s p o n d e r s .
81
T h i r d ,  t h e  c o n t r o l  t r a n s p o n d e r s  r e c o r d  d a t a ,  r e c e i v e  commands, 
c o n t r o l  c a p a c i t o r  banks o r  v o l t a g e  r e g u l a t o r s ,  and r e p o r t  d a t a  
and s t a t u s  t o  th e  S u b s t a t i o n  T e r m i n a l .  A d i s c u s s i o n  o f  each o f  
t h e s e  s ubsys te m s f o l l o w s ,  b e g i n n i n g  a t  t h e  c o n t r o l  t r a n s p o n d e r  
end o f  t h e  syste m  and e ndin g  w i t h  t h e  C e n t ra l  Communication 
Computer.
FEEDER AUTOMATION SYSTEM TRANSPONDERS
Phase I o f  t h e  j o i n t  f e e d e r  autom at ion  development program r e q u i r e s  
3 ty p e s  o f  FAS Transponders  to  be d e v e lo p e d .  The s t a n d a r d  Rockwell 
Power Line Communications T ransponder  i s  t o  be modif ied  to: ( 1 )  Con trol  
c a p a c i t o r  banks; ( 2 )  Contr o l  v o l t a g e  r e g u l a t o r s ;  and ( 3 )  Record v o l t a g e  
r e a d i n g s  and r e p o r t  them t o  t h e  S u b s t a t i o n  T e rm in al .
F i g u r e  1 shows t h e  t h r e e  t r a n s p o n d e r  types  as T1A (Type 1)  a 
C a p a c i t o r  Bank C o n t r o l l e r ;  Type T2A (Type 2 )  as Remote V oltage  
S e n s o r s ;  and T3 (Type 3 )  as  a V ol ta ge  R e g u l a t o r  C o n t r o l l e r .
C a p a c i t o r  C o n t r o l l e r  Transponder
F i g u r e  4 shows t h e  f u n c t i o n a l  b lo ck  diagram o f  t h e  t r a n s p o n d e r  
and c o n t r o l  m o n i to r  module.  The b lo c k  marked " r e l a y s "  i s  f u r t h e r  
d e t a i l e d  in  F i g u r e  5 .  In F ig u r e  5 t h e  two modes (VST or  FAST) 
a r e  s e l e c t e d  by t h e  d i s c r e t e  o u t p u t  l i n e s  from t h e  t r a n s p o n d e r .
I f  t h e  c a p a c i t o r  c o n t r o l  i s  p la c e d  in  t h e  .Monitor Mode, r e l a y  
K1 i s  d e - e n e r g i z e d .  This  a l lo w s  th e  AC (VST c o n t r o l l e d )  r e l a y  to  
c o n t r o l  t h e  o p e r a t i o n  o f  t h e  s w i t c h e s  p ro v id e d  t h e  auto/manual  
s w i t c h  i s  i n  t h e  au to  p o s i t i o n .  I f  t h e  FAST mode ( e i t h e r  D i r e c t  
o r  A u to m a t ic )  i s  c n o s e n ,  ther.  r e l a y  K1 i s  e n e r g i z e d ,  K1A o p e n s ,
K13 c l o s e s  and power i s  p ro v id e d  to  t h e  t r i p / c l o s e  c o n t a c t s  o f  
K2 and K3. I f  a c l o s e  command i s  t o  be e x e c u t e d ,  K2 i s  e n e r g i z e d ,  
c l o s i n g  K2A and opening  K2B. A c l o s e  s i g n a l  i s  p rovide d  t o  t h e  
c a p a c i t o r  bank s w i t c h e s .
C o n v e r s e l y ,  i f  an open command i s  r e c e i v e d ,  r e l a y  K3 i s  e n e r g i z e d  
c l o s i n g  K3A and openin g  K3B. Thus an open s i g n a l  i s  provid ed  
to t h e  c a p a c i t o r  bank s w i t c h .  The B s e c t i o n s  o f  r e l a y  K2 and K3 
a r e  used  t o  p r e v e n t  a s im u l ta n e o u s  t r i p  and c l o s e  command from 
b e in g  i s s u e d .  In t h e  f i n a l  d e s i g n ,  t h e s e  i n h i b i t  c o n t a c t s  may be 
p l a c e d  i n  t h e  low v o l t a g e  c o n t r o l  c i r c u i t s  o f  K2 and K3.
Note t h a t  in  manual p o s i t i o n ,  n e i t h e r  th e  VST c o n t r o l l e r ,  nor 
t h e  FAST can i n i t i a t e  an o p e r a t i o n  o f  c a p a c i t o r  bank s w i t c h e s .
Thus s e c u r i t y  i s  p ro v id ed  f o r  p ersonnel  who may be r e q u i r e d  to  
m anual ly  o p e r a t e  t h e  bank from time to  t ime f o r  m ain tenance  
p u r p o s e s .
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AC RELAY NEUTRAL
FIGURE 5 MODIFICATION OF VST CONTROLLER
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Voltage Regulator Control Transponder
The Feeder Automation System Transponder used to control the 
voltage regulator is very similar to the one used to control the 
capacitor banks. The difference is that the VR-FAST will monitor 
PT and CT inputs converted directly to volts instead of KW and 
KVARS as at the capacitor banks. Control operation will be 
similar to the capacitor bank. Figures 6 and 6A show the step 
regulator control transponder configuration. The select line 
from the transponder controls relay K1. Lower is accomplished 
by K2, while K3 raises. An inhibit scheme is used to prevent both 
raise and lower commands from being sent simultaneously.
Note that when the raise/off/auto/off/lower switch is not in the 
auto position, neither the LDC nor the VR-FAST. can control the 
regulator.
Voltage Sensing Transponder (T2A, T2B, T2C)
The remote voltage sensing transponders have no discrete control 
lines and do not require multiplexed inputs. These transponders 
will measure only single phase volts and report that data to the 
Substation Terminal when requested to do so.
FEEDER AUTOMATION SYSTEM TERMINAL (SUBSTATION TERMINAL)
The Substation Terminal is the most intelligent unit in the Feeder 
Automation System. It has 3 primary duties.
1. Communicate with the Operator Terminal via phone line
2. Communicate with the transponders via power line
3. Interpret instructions and data to achieve integrated 
feeder voltage control.
If the operator instructs a capacitor bank to close by typing 
in a close command at the operator terminal, the Substation 
Terminal formats a direct mode instruction to the capacitor 
bank. The Substation Terminal gathers a feeder profile, instructs 
the capacitor bank to close, and then gathers an operation 
confirming profile. The profiles will be forwarded to the operator 
to confirm the operation of the system.
Similar sequences of events occur for the direct control of 
the voltage regulator.
In addition, the Substation Terminal will monitor the analog 
outputs of the SCADA KW, KVAR, and volts transducers at the 
substation. The Substation Terminal will encode (analog to 
digital) the parameters and allow their use by the Substation 
Terminal in controlling the feeder.
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FIGURE 6A ROCKWELL CONTROL RELAY SCHEME FOR STEP REGULATOR
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IV. HARDWARE DESCRIPTION
The hardware required to implement Phase 1 of the proposed Feeder 
Automation System consists of 5 primary parts. If a feeder at Antigo 
is chosen, power factor capacitor isolaters are already in place.
1. Operator Terminal
2. Substation Terminal
3. 6 Feeder Automation System Transponders
4. Data Acquisition and Control Modules
5. Power Factor Capacitor Isolator
OPERATOR TERMINAL
An Operator Terminal with phone line modem will be added. The 
terminal is a standard RS232, modem interfaced, full-duplex 
termi nal.
SUBSTATION TERMINAL
The Substation Terminal is a slightly modified version of the 
Substation Controller employed in the WPSC Power Line Communications 
System. The Feeder Automation System Terminal designation alludes 
to the expanded intelligence resident in the ST to perform the feeder 
automation control, operating, and reporting functions. WPSC is 
already familiar with the communication technique, so no further 
description will be made of it here.
FEEDER AUTOMATION SYSTEM TRANSPONDER
The Feeder Automation System Transponder is also a microprocessor 
based unit. It was designed to allow great application flexibility 
while remaining a relatively simple/reliable device. Two micro­
processors provide sufficient intelligence for any Feeder Automation 
System application. One is dedicated to the communications tasks, 
while the other performs control and data acquisition functions.
DATA ACQUISITION AND CONTROL MODULE
The Data Acquisition and Control Modules for the capacitor controllers 
contain voltage, KW and KVAR transducers. The regulator control 
transponder contains voltage and current transducers. The remote 
voltage monitors contain only voltage transducers. The regulator 
and capacitor control modules also contain relays to control the 
open/close switches for capacitor banks and raise/lower for the 
regulator.
POWER FACTOR CAPACITOR ISOLATOR
Capacitor Isolators are installed at Antigo and no additional units 
will be required.
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V. BENEFITS TO WPSC
A benefit to WPSC in development of automated distribution is that 
WPSC will share in the ultimate form and control philosophy of the 
automated distribution system. The distribution operating experience 
gained over the years by WPSC personnel can be transferred to the 
Distribution Automation System being developed by Rockwell.
Another benefit that accrues to WPSC is experience. WPSC will be 
among the first utilities in the nation to have actual experience 
with Feeder Automation. WPSC will be able to evaluate firsthand 
the potential of a bidirectional communication system for control 
of the distribution system. This voltage control pro.iect 
will aid WPSC in being able to evaluate more of the generic 
strengths and weaknesses of any such system. WPSC will be in an 
excellent position to evaluate future, more extensive distribution 
automation systems as a result of this project.
Just as in the load survey capabilities of WPSC/Rockwell Power 
Line Communications System, the ease of data gathering will 
provide additional capacity for studying and understanding 
distribution systems. This will provide WPSC with the necessary 
operating strategies for reducing operating cost. One example 
which will first become apparent with the Distribution Automation 
System is capacitor bank sizing. Immediate feedback concerning 
VARS at each bank and the effect on overall substation power 
factor will become apparent. The usefulness of this knowledge 
in optimizing the installation cost and operating effectiveness 
of the distribution system is a significant advantage to WPSC 
and justification to proceed with this project.
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VI. W.P.S.C. SUPPORT
There are three periods which are critical in the successful 
completion of this project which will require timely, dedicated 
WPSC effort.
1. Design: The control philosophies which WPSC wishes to use
have a great impact on how the software for Trans­
ponders, Substation Terminals, and Operator Terminal 
will be written. Complete accord must be reached 
on capacitor control and voltage regulator control 
philosophies upon commencing this development 
project.
2. Installation: While Rockwell provides all the assistance
necessary for orderly installation of the 
Feeder Automation System, WPSC should take 
every opportunity during this period to become 
familiar with the Feeder Automation System. 
Capactior bank isolators, PTs, CTs or other 
items which require work on primary voltages will 
be installed by WPSC personnel. It is anticipated 
that WPSC will install all hardware and select 
the locations for the monitoring transponders.*
3. Operation: Continuous feedback on the operation of the Feeder
Automation System from WPSC to Rockwell insures 
the Phase II expansion of the FAS occurs as 
smoothly as possible. It will also insure that 
updates to the Phase I system are incorporated 
with maximum efficiency and minimum disturbance 
to the WPSC system.
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VII. SCHEDULE
Rockwell is prepared to move forward with the orderly imple­
mentation of Phase 1 Feeder Automation System development 
immediately. The schedule in Figure 7 shows how the 
implementation of the Feeder Automation System will be 
accomplished, assuming a go-ahead date of July 1, 1980.
Rockwell expects that during software design, WPSC personnel will 
be heavily involved in the design of the software philosophy.
Based on agreed upon control philosophies, Rockwell will finalize 
a system design, procure parts, and fabrication of the units 
involved will begin. Software changes in the ST to provide 
feeder profile reports and command selection to the operator will 
also begin in Item 1.
In November, the hardware for the FAS Transponder/Controllers 
will be completed and tested. The software will be integrated 
with each respective controller, the Substation Controller, 
and the Central Operator Terminal. When the system performs 
satisfactorily on Rockwell‘s test bed, and the hardware and 
software have been completely exercised, it will be brought to 
Antigo Substation. A 2 1/2 month period of installation and field 
testing will follow, during which time WPSC personnel will gain 
experience operating the system.
PROPOSED SCHEDULE
WISCONSIN PUBLIC SERVICE CORPORATION 
AND
ROCKWELL INTERNATIONAL 
ANTIGO SUBSTATION DISTRIBUTION AUTOMATION PROJECT
JUL .AUG .SEP .OCT . NOV DEC .JAN .FEB .MAR .APR.
DESIGN 1HARDWARE A  A  9
SOFTWARE A ------------------------- - A
15PROCUREMENT - A ---------- A
FABRICATION - A  17 A ---------- A
EQUIPMENT a -------------aINTEGRATION
INSTALLATION -
6
A — A
24
FIELD TEST A ------- A
FIGURE 7
APPENDIX C
ENVIRONMENTAL CHAMBER TEST OF CAPACITOR 
ISOLATOR REACTOR MANUFACTURED BY TDC
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NOTE TO APPENDIX C AND D
At the request of my committee, I have included reports titled 
"Environmental Chamber Test of Capacitor Isolator Reactor Manufactured 
by TDC" and "Environmental Chamber Test of Most Recent Production Run of 
Capacitor Isolator Reactors Manufactured by TDC" as Appendix C and D of 
this report. I am not able to include the high quality photographs 
which the report originally used, since they are no longer available. 
The committee and I agree that the actual content of the photos is not 
essential to the evaluation of technical value of the reports.
ENVIRONMENTAL CHAMBER TEST 
OF
CAPACITOR ISOLATOR REACTOR 
MANUFACTURED BY TDC
ENVIRONMENTAL CHAMBER TEST OF CAPACITOR 
ISOLATOR REACTOR MANUFACTURED BY TDC
INTRODUCTION
Field experience with TDC Isolators indicated that a potential thermal 
expansion coefficient problem exists between the epoxy body of the 
inductor and the porcelain insulator which supports it. Several claims 
and counter claims have been made concerning the failure mode of the 
epoxy isolator. It was decided to place a small sample of the isolators 
in the environmental chamber at Rockwell's Dallas facility to determine 
the susceptibility of these units to cracking.
Three units were placed in the environmental test chamber. Five amps 
RMS continuous current was run through the inductors throughout the test 
period to simulate continuous operation of an associated capacitor bank.
The reactors were lowered from 20°C to -40°C and observed carefully over­
night. Cracking developed in two out of three of the units which were 
from early production runs. The most recent production run of TDC isolators 
did not exhibit any cracking.
Photos were taken in the cold chamber to document the places at which the 
reactors failed. After nearly 24 hours at -40°, the reactors were raised 
to 0° and then returned to -40° so that any further cracking due to cold 
weather temperature cycling could be noted. The reactors were then raised 
to +50°C and left for a few days. No additional significant cracking was 
noted other than expansion of existing cracks induced during the first cold 
cycle. Again the unit from the most recent production run of TDC isolators 
did not exhibit any surface cracking failures under these tests. However, 
recent field experience at Snapping Shoals indicates that further testing 
of this production run should be performed prior to lot acceptance.
From these tests it can be concluded that at least two of the production
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runs of the reactor isolators supplied by TDC contained units which were 
not capable of surviving the temperatures specified in Specification 
#090-0109-668 to which the reactors were supposed to be designed. The units 
were tested while vertically mounted to relieve TDC's concern over mechanical 
stresses. The units were tested with continuous five amp current running 
through them to simulate the continuous operation of an associated capacitor 
bank. Under all these carefully controlled conditions, two out of three of 
the units provided by TDC developed cracks in the epoxy body.
TEST SET UP
Several environmental test chambers are available at the environmental 
test facility at Rockwell-Collins Dallas facility. A large chamber 
was selected for its computer controlled temperature humidity facilities 
and data logging capabilities. In addition, it was felt that a larger 
chamber would prevent any thermal shock to the isolators from occurring 
due to visual inspections which required the chamber doors to be opened 
and photos to be taken. The outside of the environmental chamber used 
is shown in Photo 1. The door shown in Photo 1 opens into the control and 
monitoring room of the environmental chamber. The environmental chamber's 
refrigeration and heating equipment is controlled by microprocessor controller 
shown in Photo 2. The large dial at the top indicates the temperature within 
the chamber in degrees centigrade. That same temperature is inscribed 
on a chart (see appendices) beneath the indicator so that a time log of the 
chamber's actual temperature can be maintained. Thermocouples may be placed 
on devices in the chamber to measure their temperature.
A portable data logger which continuously logs the time and termperature of 
each of the themocouple channels was used. This thermocouple, data logger 
is shown in Photo 3.
Photo 4 shows the arrangement which was used to provide five amps RMS 
current to the reactors. A variac was connected to a filament transformer,
INTRODUCTION (continued)
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the secondary of which was connected in series with the three reactors.
An Rf1S ammeter was also placed in the secondary of the filament transformer, 
thus indicating (on high range) nearly five amps current flowing continuously 
during the test. The variac, transformer and ammeter are shown in Photo 4.
All the above mentioned pieces of equipment were in the control and monitoring 
room of the environmental chamber.
Within the environmental chamber, the three reactors under test were placed 
on the floor mounted vertically on stands. Photo 5 shows the reactors as 
they were arranged on the floor of the test chamber before testing began.
These reactors will be referred to as the new reactor which is shown on 
the left, the old reactor which is shown on the right, and the middle 
reactor which is in the center. Note that the new reactor is coded on top by 
TDC with white stenciled letters. The middle reactor is mounted on a plate 
which has a red Rockwell insignia on it and the old reactor does not have 
a rounded base joint as will be more evident in photographs which follow. 
Arrangement of these reactors on the floor is shown in Photo 5. The 
reactor v/hich is called the new reactor, and is in the left of Photo 5 is 
also at the north end of the chamber. Photo 6 was taken standing at the 
north end of the chamber looking south at the three reactors, the nearest 
being the new reactor, the fartherest being the old reactor. Photo 6 shows 
the attachment of thermocouples and the series five amp secondary of the 
filament transformer. Photo 7 shows the same state of test preparation 
prior to beginning the environmental test.
TEST PROCEDURE
At approximately 1:00 p.m. on 27 August 1980, the reactors were installed 
in the environmental test chamber as previously shown in Photo 7. At 1:30 
programing of the temperature in the environmental test chamber began.
At approximately 1:40 p.m. the computer was instructed to take the environ­
mental test chamber from its present temperature down to -40° in a period of 
approximately one and one-half hours. A little after 3:00 p.m. the same 
day, Tom Talley and Tim Herron entered the chamber and observed the reactors.
TEST SET UP (continued)
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The reactors were closely inpsected for cracking. At that time no cracking 
was noted.
The reactors were left in the chamber undisturbed overnight with five amps 
current flowing through them and the temperature at -40°C. They were 
inspected the following morning at approximately 10:45. Cracks were noted. 
Photo 9 shows the beginnings of a crack in the body of what is called the 
oldest or south reactor. Cracks were of the type which might be characterized 
as being caused by a hatchet chop in the epoxy. They were two or three 
inches in length and appeared to be of substantial depth. In addition to 
the cracking in the main body of the reactor, hairline cracks were beginning 
to form in the neck of the reactor where the porcelain insulator joins the 
epoxy main body. After these observations were made, the reactors were left 
undisturbed until nearly 24 hours "cold soak" had elapsed at which time 
photographs were taken to document the failures occurring in the isolators.
At approximately 1:00 p.m. photos were taken to document cracking of the 
old and middle isolator reactors. Photos 9 and 10 show the body and neck 
cracks developing in the old isolator inductors. The quality of the photos 
is sufficient only to indicate the general vicinity in which the crack occurs. 
It is not intended that the photo document the extent of cracking, only to 
identify which crack occurred at the cold temperature. Actually, no cracks 
formed other than those which formed during this first cold period, rendering 
photos of progressive events unnecessary. As shown in Photo 10, a hairline 
crack of the neck of the old reactor is beginning just under the seam which 
appears as a horizontal white bridge. The middle inductor also sustained 
body and neck cracking. Photo 11 shows a crack in the neck of the middle 
inductor as well as an area which had been sanded after production. Photos 
12, 13 and 14 indicate the position of a crack which formed between the 
terminals on top of the middle inductor, and extended across the top of the 
inductor parallel to thermocouple wire and down the side of the inductor.
TEST PROCEDURE (continued)
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After the documentation photographs were taken, the inductors were raised 
to 0° to simulate transition from darkness to daylight in the Green Bay 
area.
Photo 15 shows the isolators in the chamber after being raised to 0°. Since 
the isolators were the coldest thing in the chamber during the period of 
time when the chamber was transitioning from -40° to 0°, frost formed on 
them. This is a phenomenon which might be expected to occur in nature.
The chamber was raised to a temperature slightly above 0° so that the frost 
would melt and direct observation of the epoxy could be made. The temperature 
was raised at approximately 4:00 p.m. 28 August, 1980. At approximately 
10:00 p.m. the inductors were observed. No additional cracking in the body 
of the inductors or in the necks were observed due to the upward transition 
and stabilization at 0°. The chamber was taken back down to -40°C over 
a one hour period from approximatley 10:30 p.m. 28 August 1980 to 11:30 p.m. 
on the same date. The inductors were left at -40° until the following morning 
at 9:00 a.m. when they were observed again.
No cracking in either the old, middle or new inductors was noted other 
than the expansion of already existing cracks.
It was decided at that point to determine whether or not high temperatures 
as well as low might cause cracking in the inductors. Therefore, the 
chamber was programmed to go from -40°C to +50°C in 144 minutes. This change 
rate provided the same ramp rate as that used previously. The chamber reached 
+50°C at 1:00 p.m. 29 August 1980. After the reactors had an opportunity to 
stabilize thermally, they were again observed. At 4:00 p.m. no new cracks 
had been observed. After 24 hours at +50°C the chamber heater was turned 
off and the chamber allowed to coast down to room temperature. The inductors 
were observed again and no new cracking was observed.
TEST PROCEDURE (continued)
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CONCLUSION
An inductor from the oldest production run of TDC capacitor bank isolator 
inductors cracked when placed in an environmental chamber and exposed to 
a temperature of -40°C. The inductor from the middle production run of 
isolators, cracked when placed in an environmental chamber and exposed to 
a temperature of -40°C. The newest production run of TDC isolators did 
not develop any-surface cracks when placed in an environmental chamber and 
exposed to a temperature of -40°C.
Continuous current was run through all three inductors in series. The 
values of current was approximately five amps to simulate that which 
might occur due to unbalance when the reactors were used in the neutral 
of a capacitor bank. Under these temperature transitions and continuous 
current conditions, two of three TDC isolators cracked both in the epoxy 
body and in the neck.
Copies of photos taken after the conclusion of the environmental test 
and copies of the chamber time-temperature charts are attached. The 
data recorded by the thermocouples is on a long strip of printer paper, 
a copy of which can be provided upon request.
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MIDDLE UNIT
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OLD UNIT
SIDE OF OLD UNIT
29 September- 80
R. A. Arrinqton Tim Herron
Cracked Isolator Documentation
This letter documents all presently known TDC Isolator failures where 
epoxy cracking has occurred. Listed below is the location where the 
failures were reported and serial number of each unit. Photographs of 
each unit have been taken. Additional documentation of isolator failures 
is presented in a report by Tom Talley concerning isolator environmental 
test.
COMPANY UNIT SERIAL NUMBER DATE RECEIVED
WPSC 500117
500121
500105
5-6-80
Utah
Snapping Shoals
500088
500325
500301
500308 
500296
500309 
500324
Note:
8-26-80
9-24-80
Units never 
installed
Rockwell Inter­
national UCS 
Isolator 
Environmental 
Test
500075
500040
Thermal
Equilbrium Test 500130
T. W. Herron 
TWH:dt
cc: T. Talley
APPENDIX D
ENVIRONMENTAL CHAMBER TEST OF MOST RECENT PRODUCTION RUN OF 
CAPACITOR ISOLATOR REACTORS MANUFACTURED BY TDC
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ENVIRONMENTAL CHAMBER TEST OF MOST RECENT PRODUCTION RUN OF 
CAPACITOR ISOLATOR REACTORS MANUFACTURED BY TDC
INTRODUCTION
As previously indicated in the report titled "Environmental Chamber Test 
Capacitor Isolator Reactor Manufactured By TDC", field experience with TDC 
Isolators indicated that a potential thermal expansion co-efficient problem 
exists between the epoxy body of the inductor and the porcelain insulator 
which supports it. A sample of one isolator from each production run was 
placed in an environmental test chamber at the Rockwell Dallas facility.
Although the limits of such a small sample in understanding real product 
reliability are understood by Rockwell UCS, failures of the older production 
runs and the lack of failure of the newest production run indicated that 
there was perhaps a chance that the newest production run would survive the 
temperatures originally specified for the product (-40°C to +50°C). Therefore, 
a sampling procedure was established for sampling of the last production run 
of TDC isolators which were available.
An effort was made to determine a generally acceptable sampling method.
Mil Standard 105D (MIL-STD-105D) was selected as an acceptable sampling 
procedure. Due to the previous field failures and small batch sample 
failures, it was determined that tightened inspection technique should be 
used. Table 1 of Mil Standard 105D indicates that for unit production lots 
from 151 to 280 that fall under general inspection level II, Code Letter 
G applies. Page 18, Table IV-B, titled "Multiple Sampling Plans For Tightened 
Inspection Master Table" indicates the sample size acceptance and rejection 
criteria for various acceptable quantity levels. That table is summarized 
in a memorandum dated 06 October 80 titled "Tightened Inspection Test Plan". 
Acceptable quality level (AQL) indicates a level of failures which for 
purposes of sampling inspection can be considered satisfactory as a process 
average. Both 1% and 4% acceptable quality levels were evaluated. Even under 
the 4% acceptable quality level/multiple test plan at least 16 isolators had
-  1 -
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to be tested with no failures. However, 8 isolators could be tested, and 
the lot rejected if 2 of the 8 tested failed. Therefore, it was decided to 
minimize the risk of damaging a great number of isolators by pursuing a 
multiple test plan based on tightened inspection test criteria and a 4% 
acceptable quality level. This does not imply that 4 units failing of 100 
units from TDC would be a truly acceptable quality, it merely indicates a 
test plan trade off for statistical purposes and provides a measure of the 
significance of the problem.
TEST SAMPLES
A sample of 20 TDC isolators was selected at random by field personnel for 
the environmental test described herein. These 20 were removed from service 
at a UCS customer site and shipped to the UCS office in Dallas. Upon arrival 
the units were inspected, and 6 were found cracked at the neck. One had a 
scuff mark which was considered not disqualifying for the test. Therefore, 
there were 14 isolators which arrived at UCS Dallas office which were good 
units available for testing. Of the 14 units it was decided to test first 
multiple sample size of 8 and determine whether or not the batch could be 
rejected. Under the multiple test plan as selected, the production run of 
TDC isolators could be rejected if 2 of the sample lot of 8 failed the 
environmental chamber test.
TEST PROCEDURE
For this test the capacitor isolator inductors will be referred to by two 
different numbers for each inductor. First number termed "Tag Number" 
refers to a tag which was stuck on the isolator when it left the UCS 
customer site. On the tag was written the inspection results prior to 
shipping. That tag number is cross referenced to the serial number of the 
inductor which was stamped on by TDC at production, and that cross reference 
is supplied as an appendix to this report.
12 JAN 81
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The environmental chamber used for testing would not hold 8 of the inductors 
simultaneously. Therefore, 4 TDC isolators were placed in the chamber at 
one time.
Thermal shock in air test recommended by ANSI Standard RS-186-E-78 Part 11 
entitled "Standard Test Methods For Passive Electronic Component Parts 
Method 11: Thermal Shock In Air", was selected as a general guide to follow 
in testing.
Due to the fact that only one environmental test chamber was available, 
transition times between temperatures were somewhat longer than described 
in the Standard. The minimum temperature transition period available was 
approximately 1.5 hours. As recommended by Table 2 of the ANSI Standard, 
the minimum time for temperature stabilization of the specimen of approxi­
mately 80 pounds is 240 minutes or 4 hours. That minimum time period was 
chosen to minimize the test time. Test Condition A was implemented except 
that the coldest temperature was -40° and the highest temperature was +50° 
based on the original specification letter from Rockwell to TDC. Charts
1 and 2 are records of the temperatures in the chambers during the tests.
The first batch of isolators consisting of Tag Numbers 5, 3, 19, and 2 
were loaded into the environmental chamber at approximately 2:30 p.m.
11/10/80. The chamber was programmed for the temperature profile +50° 
for 4 hours and inmediate transition to -40° for 4 hours with a transition 
period of approximately 1 hour. At 9:00 a.m. the following morning (11/11/80) 
as noted on Chart 1, the chart was checked and the temperature determined to 
be cycling properly. At 11: 45 a.m. (11/11/80) the inductors were observed by 
Mr. Jack Smart, Director of Engineering; Mr. Tom Talley, Research Specialist; 
and Mr. Bob Barr, R&D Laboratory Technician. At that time it was noted that 
Isolator Tag Number 2 which had the scuff mark between the main body and the 
base was exhibiting no further expansion of that scuff mark or cracking.
Tag Number 19 was exhibiting a crack between the procelain and epoxy at the
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base of the neck. The crack is one which appears to be in the sealant 
which was applied to the neck of the porcelain and propagated from the 
sealant up into the epoxy.
After five temperature cycles, the devices were removed from the chamber at 
approximately noon on 11/12/80. As the inductors were removed from the 
chamber the following status was noted:
Tag Number 5: No cracks were noted.
Tag Number 3: Was exhibiting the same kind of cracking.that Tag 
Number 19 did, the cracks extend between the epoxy 
and the porcelain at the base of the epoxy neck 
which extended up into the epoxy both longitudinally 
and laterally. The cracks extend approximately 
three-quarters of the circumference around the epoxy 
base.
Tag Number 2: No additional cracking noted.
Therefore, out of the first batch of 4 tested, 2 epoxy isolators cracked 
around the neck.
Tag Numbers 4, 6, 10, 16, 17 and 18 were loaded into the chamber for the 
second run. Tests of this second group of isolators began at approximately 
11:55 a.m. on 11/12/80. The temperature cycling of this group is shown on 
Chart 2.
At 10:00 a.m. on 11/14/80 isolators for the second test run were removed 
from the environmental test chamber after five cycles of the test.
Tag Number 4 
Tag Number 10 
Tag Number 17 
Tag Number 18
Neck cracking. 
Neck cracking. 
Neck cracking. 
Neck cracking.
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In addition, other TDC isolators which are not in the random 
selection process but which were in the chamber, Tag Number 
6 and Tag Number 16 both exhibited neck cracking.
After the inductors were removed from the chamber they were brought back to 
the UCS office where photographs were taken. Photo No. 1 is of Inductor 
Tag Number 2 indicating the scuff mark above the tag. The scuff mark did not 
seem to exhibit a tendency to increase in size during the environmental test.
Photo No. 2 shows Tag Number 3. Across the right side of Tag Number 3 at 
the neck of the epoxy, a crack between the epoxy and the porcelain can be 
seen at the base of the epoxy and right above the tag. This crack extends 
from that point to the insulator and then around the interface between the 
epoxy and the porcelain. Tag Number 19 is shown in both Photo No. 3 and 4. 
This cracking was some of the most severe noted during the environmental 
test extending approximately three quarters of the way around the neck.
Photo No. 5 indicates the performance of Inductor Tag Number 10. Cracking
similar to that noted in other inductors can be seen. Photo No. 7, Tag
Number 17, Photo No. 8, Tag Number 18, also shows the same kind of neck
cracking. Photograph No. 6 shows Inductor Tag Number 4 and shows some of 
the first porcelain cracking observed in these tests.
RESULTS
Of the first 8 TDC isolators tested, 6 failed. Each of the 6 failed in the 
neck. The test conducted was considerably less severe than ANSI Standard- 
RS-186-E-78 Part 11 in that the transition periods were held to approximately 
one and one-half hours rather than 15 minutes. In addition, temperatures 
were within the limits required by the original specification to TDC under 
which these items were manufactured. The cracking noted in these environmental 
tests was very similar to the cracking noted in failed units which have been 
returned from the field.
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It should be noted as shown in Photos 9 and 10 that the other 2 inductors 
which were not included in the random samples also failed. Therefore, 
actually the failure rate of the first 10 inductors tested is 8.
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TJT 06 OCT 80
TIGHTENED INSPECTION TEST PLANS
LOT SIZE G GP. II FOR 1% ACCEPTABLE QUALITY LEVEL
SAMPLE SIZE ACCEPT REJECT
Single Sample Plan Gp. G 80 1 2
Double Sample Plan Gp. G First 50 0 2
Second 50 0 2
Multiple Sampling Plan
Gp. G First 20 * 2
Second 20 * 2
Third 20 0 2
FOR 4% ACCEPTABLE QUALITY LEVEL 
SAMPLE SIZE ACCEPT REJECT
Single 32 2 3
Double 20 0 3
20 3 4
Multiple 8 * 2
8 0 3
If we are willing to accept a 4% failure rate: (multiple sample test) 
then Test 16 - crack none to accept.
Test 8 - crack two to reject.
If we are willing to accept a 1% failure rate: (multiple sample test) 
then Test 60 - crack none to accept 
Test 20 - crack two to reject.
* Cannot accept at this testing level
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Tag #5
Tag #6
Tag #2
Cracked
on
Arrival
Tag #3
Tag #4
Tag #15 
Cracked 
on
Arrival 
Tag #16 
Tag #17
Tag #18
Tag #19
Tag #7
Cracked
on
Arrival 
Tag #8
TJT 
11-10-80 
Page 1
REPORT OF CONDITION OF CAPACITOR ISOLATORS ON ARRIVAL FROM U.I. - 
TAG NUMBER TO SERLAL NUMBER CROSS REFERENCE ARE INCLUDED
The first one is marked No. 5 - S/M 500176 — No cracks.
1.80 mh
S/N 500143 — 
1.86 mh
S/N 500136 — 
T.90 mh
S/N 500180 — 
1.76 mh
No apparent major cracks. There is some superficial 
neck cracking, however, which doesn't extend more than 
1/32 inch into the outer coating.
This is marked No. 2. There is 1/8 or 1/16 inch separation 
where the main body joins the taper to the neck. It appears 
to have been rubbed through by wear. Other miscellaneous 
nicks and scratches including a small nick in the porcelain. 
The wear through separation is apparently 3 to 4 inches 
long and 1/16 inch wide.
It appears that it is the joint between an upper cap and 
a lower body of some kind if I am not mistaken.
It is marked with a tag marked 3. No visible cracking.
S/N 500193 — It is marked No. 4. No visible cracks.
S/N 500175 — A crack that runs one-third around the body of the neck. 
1.82 mh Tag marked Ho. 15.
S/N 500197 — No visible cracks.
S/N 500169 
1.83 mh
S/N 500161 
1.80 mh
Tag marked No. 17. There is a small visible worm hole in 
the lower side of the main body where one of the suspension 
straps was during the molding process that had been sanded 
off but left about 1/8 inch indentation. No cracks were 
extending from that area, so it appeared fairly thermally stable.
Tag marked No. 18. No visible cracks.
S/N 500199 
1.86 mh
— Tag marked No. 19. No visible cracks.
S/N 500187 — There is a crack in the neck of this unit which extends 
1.87 mh approximately half way around it. It is tagged No. 7.
No main body cracks that I can see.
S/N 500174 — Tag No. 8. No visible cracks.
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Tag #9
Cracked
on
Arrival 
Tag #10
Tag #20 
Cracked 
on
Arrival
Tag #13 
Cracked 
on
Arrival
Tag #1
Cracked
on
Arrival 
Tag #12 
Tag #14
S/N 500185 
1.81 mh
S/N 500182 
1.82 mh
S/N 500170 
1.81 mh
Tag No. 9. This isolator is cracked around the neck about 
half way. I see no cracks in the main bodv of the isolator.
~  Tag No. 10. No visible cracks.
There is a crack in the neck which extends approximately 
three quarters of the way around the neck. No cracks in 
main body and the porcelain. '
Tag #11 S/N 500167 — Tag No. 11. No visible cracks.
S/N 500181 — Tag No. 13. Crack approximately three quarters of the
1.81 mh way around the neck. No noticeable body cracking.
S/N 500165 — Label Marked No. 1. There is a crack in the neck approximately 
1.84 mh half way around. No other visible cracking.
S/N 500164 — Tag No. 12. No visible cracks. 
S/N 500173 — Tag No. 14. No visible cracks.
Leightner #1 2.17 mh 
Leightner #2 1.78 mh
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Thomas James Talley was born 30 October, 1945, in Ft. Worth, Texas. 
His parents, Dr. & Mrs. Paul J. Talley were living at College Station, 
Texas, where Dr. Talley taught Botany and Plant Physiology at Texas A&M 
until 1947. He attended schools in several states prior to graduating 
from high school in Pine Bluff, Arkansas in 1963. Following one year at 
the University of Arkansas, he entered the United States Air Force and 
was trained in heavy ground radar systems maintenance. Upon completion 
of 1 year AC&W radar training at the top of his class, he was selected 
to remain as an instructor. Later he also became qualified in airborne 
radar and navigation aids maintenance.
Tom entered Texas A&M in July of 1968 and began a period of study 
which he completed in December of 1971 by earning the degree of Bachelor 
of Science, specializing in Electrical Engineering. He worked for 
Texas Electric Service Company, an electric utility, in several posi­
tions including distribution engineering, personnel, gas operations, and 
advertising. He returned to Texas A&M University in 1977 where he com­
pleted an M.S. degree in December 1979 and entered the Doctor of Engi­
neering program. This master's work was subsequently recognized by the 
National Society of Professional Engineers as being one of the 10 Out­
standing Engineering Achievements of 1981.
He is currently the Supervising Electrical Engineer in the Nuclear 
Engineering Group assigned to the Comanche Peak Steam Electric Station. 
His responsibilities include all electrical and computer systems re­
quired to satisfy Post-TMI requirements.
Typing for this internship report was by Automated Clerical Services
